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e. -AMYLASE MUTANTS 

FIELD OF THE ITO^TXOM 

5 The present invention relates, inl&z alia, to novel variants 
(mutants/ of parent ?er*iarayl~Iik<a a-aiayiases, notably variants 
exhibiting alterations in one or more properties {relative to the 
parent} which are advantageous with respect to applications of 
the variants in, in particular, industrial staroh processing 
m (e.g. starch liquefaction or saecharif ieation) , 

Bmmmmt) or the mmmm® 

a-Amylases (tx~i f 4~glucan-4-giucanohydrOiasos, EC 3.2.1,1} 
13 constitute a group of enzymes which catalyse hydrolysis of starch 
and ©Mr linear and branched i f 4-giucosidic ©ixgo™ and 
polysaccharides, and there is a very extensive body of patent and 
scientific literature relating to this industrially very 
important class of ensymes. 

2D 

Among mere recent disciosures relating to a-amyiases, Wo 96/23874 
provides three-dimensional, X-ray crystal structural data for a 
Termamyl-iike a-amylase which consists of the 300 N- terrains! 
amino acid residues of the B. a.myloliqvefaci*>ns a»amyiase 

25 comprising the amino acid sequence shown in SEQ ID No, 4 herein 
and amino acids 301-483 of the C-reraunsl end of the B. 
licheniformis a-amyiase comprising the amino acid sequence shown 
in S8Q ID. No. 2 herein (the latter being available commercially 
under the tradename Termamyi™;; , an d which is thus closely 

30 related to the industrially ii^ortant Bacillus a-amyiases (which 
in the present context are embraced within the meaning of the 
term "Termajny] ~ Hke a-amyiases", and which include, inter alia, 
th< " B > lichenifozmls, S. myloliqmf sevens and B, 
$£&*mtmxtm>hilm a -amylases) , WO 96/23874 further describes 

35 methodology for designing, on the basis of an analysis of the 
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structure of a parent Termasn/I-Iike &~asiyiase, variants of the 
parent Tsrmamyl-Ii ke cx-aiaylase which exhibit altered properties 
relative to the parent, 

BRIEF DISCLOSURE OF THE INVEST 10^ 

As indicated above, the present indention relates, inter alia, to 
novel cc-amylolytic variants (mutants) of a Termarayl-like a~ 
amylase, in particular variants exhibiting altered properties 
which are advantageous in connection with the industrial 
processing of search {starch liquefaction, saecharif ication and 
the like) . 

Alterations in properties which may be achieved in mutants of the 
Invention are alterations in, e.g., substrate specificity, 
substrate binding, substrate cleavage pattern, thermal stability, 
pH/aetivity profile, pB/etahiiity profile [such as increased 
stability at low (e.g. pH<6, in particular pH<5) or high fecr?. 
p$>f). pH valuesj, stability towards oxidation, Ca s * dependency, 
specific activity, and other properties of interest. For 
instance, the alteration may result in a variant which, as 
compared to the parent Tarmaffiyl-like a- amylase, has a reduced 
Ca iH dependency and/or an altered pH/activity profile. 

The invention further relates, inter alia, to DMA constructs 
encoding variants of the invention, to methods for preparing 
variants of the invention, and to the use of variants of the 
invention, alone or in combination with other a-araylolytie 
enzymes, in various industrial processes, e.g. starch 
liquefaction. 

DETAILED DISCLOSURE OF THE INVENTION 
Tj^rerraamyl-iAjo^ 

It is well known chat a: numher of a-assyiases produced by B&cxllus 
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spp, are highly homologous on the awi.no acid level. For instance, 
the B. li chen i. f&zm-is &- amylase comprising the amino acid sequence 
shown in SEQ ID No. 2 {consmerclaily available as Termamyl™) has 
been found tc be about BM homologous with the B« amylcli- 
5 guefaciexjs c~amy.i.ase comprising the amino acid sequence shown in 
SEQ ID no. 4 and about 79% homologous with the is. 
stearo thermoph i I as a-amyiase comprising the amino acid sequence 
shown in SEQ ID Mo. 6. Further homologous a- amylases include an 
fit-amyiase derived from a strain of the Bacillus sp. NCIB 12289, 

\Q NCIB 12512, NCIB 12513 or DSM 9375, all of which are described in 
detail in m 95/2639?, and the c-amyiase described by Tsufcamoto 
st Bioc hemical and Biophysical Research Coaaumi cations , 151 

(imS) r pp. .25-31. Still further homologous a-amylases include 
the a~smyiase produced by the lichen if amis strain described 

15 in E? 0252666 (ATCC 27811} , and the ^-amylases identified in WO 
91/00353 and WO 94/13314. Other commercial Terroa*yl~Hke B. 
liehenifarmis a-amylases are Optitherm™ and Tax a t he rm™ 
{available from Solvay) t . Ma*amyI TM (available from Gist- 
brocades/Osnencor) , Spacym &&™ (available from Genencox) f and 

W Keistase 1 * 5 ( available from paiwa \ . 

Because of the substantial homology found between these a- 
amylases., they are considered to belong to the same class of a- 
amylas.es, namely the class of "! : ermamyi~i ike ««- amylase s *' , 

IS 

Accordingly, in the present context, the term "Termamyl -like o> 
amylase*' is intended to indicate an a~amyiase which, at the amino 
acid level, exhibits a substantial homology to T.ermamyi™, i.e. 
the B. liehenifarmis ^-amylase having the amino acid sequence 
30 shown in SEQ ID m, 2 herein. In other words, a Termamyi-iike a~ 
amylase is an a- amylase which has the amino acid sequence shown 
in SEQ ID No. 2, No. 4: or Mo. 6 herein, or the amino acid 
sequence shown in SEQ ID No. I of WO SS/2639.7 (which amino acid 
sequence is shown in Fig. 1 and Fig. 2 herein) or in SEQ ID Ho, 2 
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of m 95/26397 (which amino acid- sequence is shown in Fig, 2 
herein) or in Tsukamoto et &X vt 1988, (which amino acid sequence 
is shown in Fig, £ herein) or i) which displays at least 60%, 
such as at least 70%, 'e.g-. at least 751, or at least 80%, e.g. at 
least 85%, at. least 90% or at least 95% homology with at least 
one of said amino acid sequences and/or ii) displays 
immunological cross-reactivity With an antibody raised against at 
least one of said «~amylases, and/or ill) is encoded by a mh 
sequence which hybridises to the DNA sequences encoding the 
above-specified ^-amylases which are appateht from SEC ID Nos. 1, 
3 and 5 of the present application (which encoding sequences 
encode the amino acid sequences shown in SEQ ID Hos. 2, 4 and 6 
herein, respectively), from SEC? ID No. 4 of WO §5/26397 {which 
mh sequence, together with the stop codon TAA, is shown in Fig. 
1 herein and encodes the astsi.no acid sequence shown in Fig,, 3. 
herein) and from SEQ ID Ho. 5 of m 95/26397, respectively . 

In connection, with property i) , the "homology" rosy he determined 
by use of any conventional algorithm, preferably by use of. the 
mv ptb^mme from the GCG package version 7,3 {Jane i9:§3) using 
default values for GAP penalties {Genetic Computes Group (1991) 
Programme Han.ua '. for the GCG Package, version 7, 575 Science 
Drive, Madison, Wisconsin, USA 53711] . 

Property 115 of the a -amylase, the immunological cross 

reactivity, may be assayed using an antibody raised against, or 
reactive with, at least one epitope of the relevant Termamyi-iike 
a-amylase. The antibody, which may. either be monoclonal or poly- 
clonal, may be produced by methods known in the art, e.g. as 
described by Hudson at al,> 1989. i'he immunological cross- 
reactivity may be determined using assays known in the art, 
examples of which are Western Blotting or radial immunodiffusion 
assay, e.g. as described by Hudson et al., 1989. In this respect, 
immunological cross- reactivity between the a-amylases having the 
amino acid sequences SEQ ID Nos . 2, 4 and 6, respectively, has 
been found. 
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The oligonucleotide probe- used in the characterization of the 
Termamyl-lihe a-amylase in accordance with property Hi] above 
may suitably be prepared on the basis of the full or partial 

5 nucleotide or amino acid sequence of the a-amylase in question. 
Suitable conditions for testing hybridization involve presoaking 
in SxSSC and prshybtidizrr-g for Ih at ~4G*C in a solution oi 20% 
formami.de, 3xDenhardf« solution, 50mM sodium phosphate, pH 6,8, 
and 50pq of denatured sonicated caif thymus DNS followed by hy~ 

m bridizatxon In the same solution supplemented with XWpM ATP for 
lib at or other methods described by, e.g., Sambrook et 

al., 1989. 

In the present context, *' derived from* is intended not only to 
35 indicate an a-amyi&se produced or producible by a strain of the 
organism in question^ .but also an « r amylase encoded by a fM&. 
sequence isolated from such strain and produced in a host or- 
ganism transformed with said DN& sequence. Finally, the term is 
intended to indicate an ^amylase which is encoded by a DSfft 
20 sequence of synthetic and/or cDK& origin and which has the 
identifying characteristics of the a-amylase in question. The 
term is also intended to indicate that the parent a-amyiase may 
be a variant of a naturally occurring a-amylase, i.e. a variant 
which is the result of a modification (insertion, substitution, 
25 deletion} of one or more amino acid residues of the naturally 
occurring a -amylase. 

Parent hybrid o-amyl a s e s 

30 The parent a -amylase may he a hybrid a-amyiase, i>e, an a~aisyla.se 
which comprises a combination of partial amino acid sequences 
derived from at least two a~amylases. 

The parent hybrid a-amyiase may foe one which on the basis of 
35 amino acid homology and/or immunological cross-reactivity and/or 
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DNA hybridization (as defined above) can be determined to belong 
to the Termamyl-like os~amyia$s family. In this case, the hybrid 
a-amyiase is typically composed of at least one part of a 
Termamyl-Iike a--amylase and part (s 5 of one or more other ct- 
amylases selected from Termamyl-iifce ^-amylases or non»Termamyl~ 
like a-amyiases of nvierobiai ^bacterial or fungal) and/or 
mammalian origin . 

Thus, the parent hybrid a-amylase may comprise a combination of 
partial amino acid sequences deriving from at least two Termamyl- 
like ^-amylases, or f.rom at least one Termamyi-Iifce and at least 
one aon~Termanvyi-Iike bacterial a-anvylase, or from at least one 
T^rmamyl-iik© and at least one fungal a- amylase. The Tetmamyi- 
like a~amylase from which a partial amino acid sequence derives 
may, e.g., .be any of those specific Termamyi-iike «s--myiase 
referred:: to herein. 

For instance, the parent a-amylass may comprise a C-termlnal part 
of an ^--amylase derived from a strain of B. iicheniformis, and; a 
H-terminal part of an a-amylase derived from a strain of B. 
amylaliquefaci&ns or from a strain of B. s t sa rotif^m^ph Has, For 
instance, the parent «~amyiase may comprise at least 4 30 amino 
acid residues of the C-terminai parr of the B, liehertiformis tt~ 
amylase, and may,, e,g, comprise a) an amino acid segment 
corresponding to the 37 N-terminal amino acid residues of the B> 
amyl&liqmi'miens a~amyiase having the amino acid sequence shown 
in SEQ l D &o . 4 and an amino acid segment corresponding to the 
445 Oterroinai amino acid residues of the B. lichetxifoxmzss ct- 
amyiasa: having the amino acid sequence shown in SEQ ID Ho. 2, or 
fe) an amino acid segment corresponding to the 68 ^-terminal 
amino acid residues of the B< stearofeftermopniius a-amylase having 
the amino acid sequence shown in SEQ ID So. 6 and an ammo acid 
segment corresponding to the 415 C-terminal amino acid residues 
of the B. Hchenlf ormis- a-amylaae having the ammo acid sequence 
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'shown in SEQ ID No, 2 . 

The non-Termamyl-like a~aiaylase may f e.g. f be a fungal a~amylas$, 
a mammalian or a plant ^-amylase or a bacterial a~ amylase 
(different from a Termamyi-iike '^amylase } . Specific examples of 
such n-smyiases include the Aspergillus oryrae TAKA a~amylase ? 
the iA. ntgsr acid a~amylas«, the B&cillus subtilis a-amylase, the 
porcine pancreatic <x~amyiase and a barley a-asiylase. All of these 
a-amylases have elucidated structures which are markedly 
different from the structure of a typical Termamyl-like a-smylase 
as referred to herein. 

The fungal a-amylases mentioned above, i.e> derived from A, niger 
and cryzam, are highly homaiogons on the amino acid leva! and 
generally considered to foaldng to the? same family- of ^-amylases. 
The fungal a -amylase derived from Aspergillus oryrae is 
commercially available under the tradename Fungamyl w , 

furthermore, when a particular variant of a Termamyi-iike ot- 
amylase (variant of the invention) is referred to - in a 
conventional manner * by reference to modification {e.g. deletion 
or substitution) of specific amino acid residues in the amino. 
acid sequence of a specific Termamyl- 1 ike ct-amyiase, it is to be 
understood that variants of another Termamyi-iike pt-amyiase 
modified in the equivalent position (s) (as determined from the 
best possible amino acid sequence alignment between the 
respective amino acid sequences ) axe encompassed thereby. 

A preferred embodiment of a variant of the invention is one 
derived from a B., lichesifomis «™amyiase (as parent Termamyl- 
like a-amyiase) , e.g. one of those referred to above, such as the 
8. lickeniformis a- amylase having the amino acid sequence shown 
in SEQ ID He, 21 
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Cons t ruction of variagrs of the invention 

The construction of the variant of interest may be accomplished 
fay cultivating a microorganism comprising a DNA sequence encoding 
5 the variant under conditions which are conducive for producing 
the variant. The variant may then subsequently foe recovered from 
the resulting culture broth. This is described in detail further 

w & X O $V" V 

10 Altered properties of variants of the Invention 

The following discusses the relationship between mutations which 
may be present in variants of the invention., and desirable 
alterations in properties (relative to those a parent, T;ensamyl~ 
15 like a-amyiase} which may result therefrom. 

^Scr^sad^af^ 

It is highly desirable to be able to decrease the €a £ * dependency 
of a f eCTasftyl-iike a-amylase. Accordingly? one aspect of the 

20 invention relates to a variant of a parent I'ermassyl-like et- 
amylase, which variant exhibits et-amylase activity and has a 
decreased Ca 3 '" dependency as compared to the parent a-amyiase. 
Decreased Ca 3i ' dependency will in general have the functional 
consequence that the variant exhibits a satisfactory amyloiytie 

25 activity in the presence of a lower concentration of calcium ion 
in the extraneous medium than is necessary for the parent enzyme. 
It will farther often have the consequence that the variant is 
less sensitive than the parent to caicinm ion-depleting 
conditions such as those, obtained in media containing calcium- 

30 completing agents (such as certain detergent builders) . 

Decreased Ca** dependency of a variant of the invention my 
advantageously be achieved, for example, by increasing the Ca* 
binding affinity relative to that of the parent Termai«yl~ like fit- 
35 amylase; in other words the stronger the binding of Ca~* in the 
ensyme, the lower the €a ?+ dependency. 
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It may be mentioned here that W. 96/23874 states that amino acid 
residues located within 10A from a sodium or calcium ion are 
believed to be involved in, or of importance for,, the Ca 2 ' binding 
capability of the enzyme, and that in this connection the 
station K104D [of the B< lichenifczmis a- amylase having the 
amino acxd sequence shown in SEQ ID ®o. 2, or an equivalent {N to 
Dj mutation of an equivalent position in another Termamyl-iihe a- 
amylase] is contemplated to be of particular interest with 
respect to decreasing the Ca** dependency of a Tsrmamyl-like a- 
amylase. 

Other mutations mentioned in WO 96/23874 as being of possible 
importance In connection with Ca 2 * dependency include mutations 
which are contemplated therein to achieve increased calcium 
binding und/o* thermostability of the ensyme? via stabilisation 
of the C^domain (as defined in WO 96/23874} of the three- 
dimensional structure of a Tsrraamy.b-.Uke a~ amylase via formation, 
for example, of cysteine bridges or salt bridges. Thus, m 
96/23874 discloses that the C-domain of the 8, lich&nifmMs <*~ 
amylase having the amino acid sequence shown in SEQ ID No. 2 may 
be Stabilized by introduction of a cysteine bridge between domain 
A and domain C (as defined in m $6/21374; by introduction of the 
following mutations: 
A3 4 9C+I47 9C and/or L346C4X4.30C. 

WO 96/23874 likewise discloses that a salt bridge may be obtained 
by introduction of one or more of the following mutations in the 
B* .1 icheniiormis a --amylase having the amino acid sequence shown 
in SEQ ID Mo. 2: 

N457D,B 

N457D,E + K3S5R 

F350D,E * I43QR,K 

F3S0D.E + 141lR,K 
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and that the calcium site of Domain C may be stabilised by 
replacing the amino acid residues H40S and/or G303 with any other 
amino acid residue, in particular by introducing one of the 
substitutions : 
5 H4 08Q,£,N,D and/or G303N f D > Q,£ 

which axe contemplated to provide better calcium binding or 
protection from calcium depletion. 

(similar mutations in equivalent positions of other ?ermamyl™iike 
10 a-araylases' being encompassed hereby) . 

Other substitution mutations {relative to 3. lichen! fotrrds 
a- amylase, SEQ ID bio, 2} which are disclosed in ®Q 96/23874 as 
being of apparent importance, inter aJ>a, in the context of. 
IS reducing calcium dependency include the following: BOK., Hlf6.¥, 
SISIT, R21i, G31QD and P34S {ox equivalent mutations in 

eguiyal&nt positions in another T^rmamyi-Ii.ka a-amyiase) , 

In the context of the present indention, further substitution 
2D mut ations which appear to be of importance * inter alia,: in 
■relation to reduction of calcium dependency include the following 
Mutations in Domain B {as defined in WO 96/23874): 

A181E,D,Q f N ; V {which appear to result in shielding of the 
25 outermost CV** binding site in the junction region between Domain 
& and Domain 8 to some extent) ; 

I2S1 ibulHler amino acid), e.g. lZQm f: r,-h {which appear to result 
in slight alterations in the geometry of the region in the 
30 immediate vicinity of t s ea**~Na*~Ca 2 * binding site(s) in the 
junction region between Domain h and Domain B-* and in the 
geometry and/or sire of a nearby bole/cavity) ; and 

Y203B,, Q (which are believed to result in stronger binding of the 
35. outermost Ca 2 * ion in its binding site in the junction region 
between Domain A and Domain S) ; 
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lot equivalent mutations , in equivalent positions in another 
?ermarr>yi~iike a- amylase 5 . 

M£l£M..M^£^llHLiMlJg£^ pff /activity ...grffgilgl 

m 96/23874 discloses that it is contemplated to be possible to 
change the pH optimum of a Termamyi- like a-amyXase, or the 
enzymatic activity thereof at a given pH, by changing the pKa of 
the active site residues, and that this may be achieved, e.g,, by 
changing the electrostatic : Mfc.tocticm or hydrophobic interaction 
between functional groups of amino acid side chains of the amino 
acid residue to be modified and of its close surroundings . 

In the contest of the present invention, it is believed on the 
basis of electrostatic considerations J see, e.g., M..K. Ciison, 
Cgxx*nt mmm- M $tmc%iital. -giolocrv 5 (1595) pp. 216-223; and 
B. Honiq and A. NichoU«, Science 26S {1995} pp. 1X44-124^ and 
references $iven therein] and hygroscopicity considerations in 
relation to the three-dimensional structure of the Terraarayi-llks 
a-amyiase disclosed in m 96/23874 that mutations of relevance, 
inter alia, for altering (increasing or decreasing) the pH 
optimum of a Termacyi-like a-amyXase include the foi lowing 
mutations or equivalents thereof {referring here to the sequence 
of B. licheniformis 0£~amyla$e {SEQ Its NO 2}) t 

Q9K, L,,£f FllR t K>£; E12Q; D100N,L; V X 0 1 R , F, , K f D t E , F ; V102ft,?2 
I103H.K; N104R, R, D; H105R, K, U, E t », F; LI 36R, K, Q, £, F, V; 

12I2R f K f D,E; L230H, K/I; A232G, H, F f S, V? V233D; K2341,,E; 
I238R, -'b H, D, E) L24 1R,&, D :< £, F; A2S0S; W263R; Q264R, D f K f B? 
N265K 7 R,D; A269R, K, D f S; L270R, K» H, D, S; V283H,D; F284H; D285N,L; 
V286R,K,H,D,E,< Y290R,E; V312R, E : ; F323H,> B325N; N326K, H, D, L; 
H32?Q,N,!5,D,F; Q330L,E? S332D? £333R f K, H, Z, L; S 3 3 4 A f V f T f L,l , D ; 
L33SG,A,S,T,N; B336R+R375B; ?337B,K? :T338D,E; T339D; Q360K, R f E; 
D3SSN; G371D.R; 

Increased stability at Xok t ^acldicj p« 
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In the context of the present invetrtioB, mutations {amino acid 
substitutions) of importance with respect to achieving increased 
stability at lew pH appear to include mutations corresponding to 
the following mutations in the B-i Iizh&m.formis a-ajayiase having 
5 the amino acid sequence shown in: SEQ ID No. 2; 

mutations at positions H68, H91, H247, R305 f K306, H382, K389, 
«405 f M06, MhQ or R483; 

m the mutations i 

Hi40i; 

H 14 2 Y ; 

H156Y; 

Hi 5 Si Y; 
15 H140DtM142R; 

Hi4DK+Hi42D; or 

H142Y-fHlS6Y 

as weil as ootabiaations of any two or more of these mutations. 

20 

Increased ;fchgEmogt^jyJU^^ te mperat ure optimum 

(altered t&aip^r atuxe/aefcivity profile 1. 

A further aspect of the inventioa relates to a variant of a 
25 parent Tarmamyi-iike $x~ amylase, which variant is the result of 
one or more amino acid residues having been deleted from, 
substituted in or added to the parent a-amyiase so as to achieve 
increased thermostability of the variant. 

30 In may be mentioned that in relation to achieving increased 
thermostability, WO S6/23874 discloses that a particularly 
interesting variant of a Termaitiyl-like qs-amyiase comprises a 
mutation corresponding to one of the following mutations (using 
the numbering of the B. lieh&nifomis a~amytase amino acid 

35 sequence shown in SEO. ID m 2) : 
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Y62M; 

K106R, F/W; 
5 GX45F,W 

1 2 i 2 F f L „ M f Y ( R t K ; 

SIM replaced with any other amino acid residue and in particular 
with F,W, I or Li 
R214W; 
® YISOE.K; 

and/or 

RI4 6W. 

WO 96/23874 further discloses in this connection that m tat ions 
IS corresponding to one or more of the following mutations in the I, 
Jic&miformis a~amylase having the awino acid seqn&nce $%mtti In 
SSQ ID No- 2 are of interest in relation to achieving increased 
thermostability relative to that of the parent a-amylase? 

20 L241I, F f i,W; and/or 
I236W H\ Y,W 

L7F,I,W 
V259HM,L 

25 

F350W 
F34 3W 

30 L42?F,L,M 

in the context of the present invention, it can be seen from an 
alignment of the amino acid sequences of « -amylases from various 
33 Bac±l2us species that B. lichBhif&rmls a- amylase and -p.. 
mylcMqmmciens a~amylas» both contain an "insertion*' of three 
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amino acids relative "to* e.g., £. 'stea^t-h^mopMlvs a-amylase. 

From a model of the structure of: B, lichenifoetnis ct-amyiase built 
on the basis of the three-dimensional structure of the Termamyl- 

5 like a-amyiase disclosed in WO 96/23784 {vide $upr&) , taking into 
account the homology of 8. liehs-nif ormis ot --amylase to the 
Termamyi -like a.~amylaae in gueation, it can be seen that the 
above-mentioned "desertion" lies within a part of the structure 
denoted "loop in WO 96/23784, making this loop bulkier in 3. 

1.0 licheniformis a-amyiase than in the Term^rcyl»iike a-amylase and 
resulting in a loop that protrudes from the structure, thereby 
possibly destabilising the structure- It is therefore 
contemplated that deletion of one or more araino acids in the 
region in question in B< Ixcheniformis or 8 . asnyloUqoefaciens cc~ 

IS awylase will improve the thermostability of these a-araylases. 

Especially interesting in this connection is deletion of three 
amino acids within the partial sequence irtm T369 to 1377 
{referring to the amino acid sequence of B, lichenifarmls ee- 

M amylase shown in SEQ ID ho. 25 ( i.e. the partial sequence: 

K370~G371-D372---S3't3-Q374-h375»E376---I377 ior the corresponding 
partial sequence in 8< msyloliqu&ta ci ens a-amyiase). In addition 
to such deletions, substitution of one or more of the undeleted 
amino acids within the latter partial sequence may also be 

25 advantageous . 

preferable deletions of three amino acids in the partial sequence 
from T369 to 1377 (in the B, licherifonsis a-amyiase) are 
deletion of K370-H3371+D372 (i.e. K370*e 371**0372*3 or deletion 
30 of D372fS373*Q3?4 U>e. D372*eS373M-Q374*3 (or equivalent 
deletions in the cor responding partial sequence in 
B. amy! oliquef* ci&ns ^amylase) y 

hnother type of matation which would appear to be of value in 
35 improving the thermostability of these a- amylases is substitution 
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'(replacement) of the entire partial amino acid sequence from T369 
to 1377 (referring to the sequence of the S. licheaifcrmis 
a-amylasej with one of the: following partial sequences of six 
amino acids {sequence numbering increasing from left to right): 
5 I-P-T-fi-S-V; X-P-T-H-G-V; and i- ? ~q~ Y ~N-I (or one of the same 
substitutions of the corresponding partial sequence in B, 
s.myl oliqu&facxens a-ai%1a.se.) «. 

Other mutations which can apparently he of some importance in 
10 relation to achieving increased thermostability include amino 
acid substitutions at the following positions (referring to SEQ 
ID No, 2) i 

R'l$.9 {e.g. R169I, h, F»T) ; 
15 MTZ (especially R173l,L, F,T) ; 

I2X2F; 
A209L,T; or 

nmi 

20 

as well m combinations of any two or »re of these mutations,, 

3fi g*ff»*«d thermoatabiX-lyy at ac idic pH and/or at low _Caf" 
concent ration 

2,1 In the context of the indention:, mutations which appear to be of 
particular relevance in relation to obtaining variants according 
to the invention having increased thermostability at acidic pH 
tpH < 7) and/or at low Ca* + concentration include mutations at 
the following positions (relative to 3. licheniformis a-amyiass, 

30 SEQ ID B&. 2} : 

HISS, N172, AI81., Mim, m$0 t H20§> D207 f A209, A21G, £2.11, Q264, 

mm 

35 It may be mentioned here that N and £ amino acid residues, 
respectively, at positions corresponding to hI09 and £211, 
respectively, in SEQ ID m. 2 constitute amino acid residues 
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which are conserved in flamexous Termamy 1-iifce a-assylases. Thus, 
fox example, the corresponding positions of these residues in the 
amino acid sequences of a number of 1 ermsmyl - like a-amylasss 
which have already been mentioned (vide supra) are as follows; 



Teraiarayl-like a-anylase N position Z position 



B. licheniformis (SEQ ID Mo. 2.) M1S0 £213. 

10 S. amylcliquefaci&nv {SEQ ID Ho. 4} HI SO E2I1 

■B. stearothermophiius {SEQ ID Ho. 6) Nl.93 £210 

aaciliifs NCI 8 12512 {WO 95/26397) H195 E212 
Bacillus mm 12513 (WO 



"Bacillus tip, 1707" (Tsu 



95/2639?) Ml 95 £212 

fcamoto at al , ) Si 95 E212 



Mutations of these conserved amino acid residues appear to toe 
very important in relation to irRproving thermostability dt acidic 
pH and/or at low calcium concentration, and the following 
:mntatioRS are of particular interest in this connection (with 
reference to the nus&e*i**g of the B, Xichenifoxmis amino acid 
sequence shown in SEQ ID No. 2} : 

H156Y, D 
23 Ki?2R,H,K 

SI 8 IT 

M188P 

Si90L>F 

H205Q 
30 D207Y 

A202L,lh V 

&2105 

E211Q 

35 M265A,S f T f Y 
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as well as any combination of two or more of these mutations. 

An example of a particularly- interesting double mutation in this 
connection is Q264S*M2.65Y. 

5 

Altered cleavage patte r n 

In the starch liquefaction process it is desirable to use an «~ 
amylase which is capable of degrading the starch molecules into 
long, branched oligosaccharides, rather than an a- amylase which 

10 gives rise to formation of shorter, branched oligosaccharides 
(like conventional Termaj?n/i~iike a^amylases} , Shore, branched 
oligosaccharides (panose precuf s©r?l are not hydroiyaed 
satisfactorily by pullulanases, which are used after a-amylase 
treatment in the liquefaction process, but before addition of a 

15 saccharifying amyiogiucosidase {glucoamyiasei . Thus, In the 
presence or panose precursors, the product mixture present after 
the glueeamylase treatment contains a significant proportion of 
short, branched, so-called li^it-aextrip, vis, the trisaecharide 
panose. The presence of panose lowers the sacchaf ificatioh yield 

20 significantly and is thus sir able . 

Thus, one aim of the present invention is to arrive at a mutant 
a-amylase having appropriately modified starch-degradation 
characteristics but retaining the thermostability of the parent 
25 Terma.myi~.Hfce a- amy la so. 

It may be mentioned here that according to WQ 96/23874, variants 
comprising at least one of the following mutations are expected 
to prevent cleavage close to the branching point: 

3D 

VS4L, 1 , F, Y, W, R, K, H, £/.$ 

053L,I, F, Y, K 

Y56tt 

Q333.W 

35 GS7aii possible amino acid residues 

h52amino acid residues: larger than '% e.g. eS2W,Y, L, F, 1 . 
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Increased specific activity 

In a further aspect of the present invention, important mutations 
with respect to obtaining variants exhibiting increased specific 
S activity appear to include mutations corresponding to the 
following mutations in the 3. lichen if otmis a-amylase having the 
amino acid sequence shown in SEQ II) So. 2 = 

mutations {amino acid substitutions) at positions S167 
10 (especially S187D) or Q264 (e.g. Q264R f K,S}; 

mutations (substitutions) at position ¥290 f especially Y29QE,Ks; 
the mutation V54I; 

as, well as combinations of any two or more of the latter 
mutations ? *ar combinations of one, two or ntdrfe of the latter 
mutations with the following: multiple mutation; 

General muta tions in variants of the invention 

It may be preferred; that, a variant of the invention comprises one 
or more modifications in addition to those outlined above. Thus, 

25 it may be advantageous that one or more proline residues present 
in the part of the ei-amylase variant which is modified is /are 
replaced with a nob-praline residue which may be any of the 
possible, naturally occurring non~proiine residues, and which 
preferably is an alanine, glycine* serine, threonine, valine or 

30 leucine. 

Analogously, it may be preferred that one or more cysteine 
residues present among the amino acid residues with which the 
parent a- amylase is modified is/are replaced with a non-cysteine 
35 residue such as serine;: alanine,: threonine, glycine, valine or 
leucine - 
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Furthermore, a variant of the invention may « either as the only 
modification or in combination with any of the above outlined 
modifications ~ be modified so that one or more Asp and/or Giu 
5 present in an amino acid fragment corresponding to the amino acid 
fragment 185-209 of SEQ 10 »©■.. Z is replaced by an Asn and/ox 
Gin, respectively. Also of interest is the replacement, in the 
fermamyi-iike a-amylase, of one or more of the Lys residues 
present In an amino acid fragment corresponding to the amino acid 
10 fragment 185-209 of SEQ ID Ho, 2 by an Arg, 

It will be understood that the present invention encompasses 
variants incorporating two or more of the above outlined 
modifications, 

15 

farthermore f it may be advantageous to introduce point-mutations 
in any of the variants described herein, 

Methods for preparing &-*wU*$l*MM»**. 

20 

Several methods for introducing mutations into genes are known in 
the art. After a brief discussion of the cloning of a -amylase- 
encoding DKA sequences, methods for generating mutations at 
specific Sites within the a-amyiase-eacoding sequence will be 
25 disousaed. 
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gi5!l^M...g....gff A S M^fti!^ Mjt?ding ...-.an. fSt^yiase 

The DHA sequence encoding .« parent ^amylase may be isolated from 
any cell or microorganism producing the a* amylase in question, 
using various methods well known in the art. First, a genomic tMh 

5 and /or cDh'A library should be constructed using chromosomal DNA 
or messenger RNa from the organism that produces the a~amylase to 
be studied. Then, if the amino acid sequence of the a- amylase is 
known, homologous, labelled oligonucleotide probes may be 
synthesized and used to identify a-amylase~encoding clones from a 

50 genomic library prepared f ros; the- organism in question. Alter- 
natively, a labelled oligonucleotide: probe containing sequences 
homologous to a known a-amyiase gene could -be used as a probe to 
identify a~amyl ase -encoding clones, using hybridisation and 
washing conditions of lower stringency, 

15': 

Yet another method for identifying «.-amylase-enooding clones 
would, involve inserting fragments of genomic DMA into an ex- 
pression vector, such as a piasmid, transforming ff-amyiase- 
negative bacteria with the resulting genomic DMA library, and 
20 then plating the transformed bacteria onto agar containing a 
substrate for o~amyiase, thereby allowing clones expressing the 
a- amylase to be identified. 

Alternatively, the DMA sequence encoding the enzyme may be 
25 prepared synthetically by established standard methods, e.g. the 
phosphoroamidite method described by S.l. Beaucage and M . H . 
Caruthsrs (1981) or the method described by Matthes et al. 
( 19.84} « In the phosphoroamidite method, oligonucleotides are syn- 
thesized, e.g. in an automatic DHA synthesiser, purified, 
30 annealed, ligated and cloned in appropriate vectors. 

Finally, the DM sequence may be of mixed genomic and synthetic 
origin, mixed synthetic and com origin or mixed genomic and cPSA 
origin, prepared by iigating fragments of synthetic, genomic or 
3S com origin (as appropriate, the fragments corresponding to 
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various parts of the entire SNA sequence) , in accordance with 
standard techniques. The JW& sequence may also be prepared by 
polymerase chain reaction lm&) using specific primers, for 
instance as described in US 4/683.202 or £>K, Saiki et ai. 
(1938) . 

Site-directed mut agenesis 

Once an a~amyiase™encoding DN& sequence has been isolated, and 
desirable sites for mutation identified, mutations may be intro- 
duced using synthetic oligonucleotides. These oligonucleotides 
contain nucleotide sequences flanking the desired mutation sites; 
mutant nucleosides are inserted during oligonucleotide synthesis. 
In a specific method, a single-stranded gap of DNA ■, bridging the 
a~amyIase~aneoding sequence, is created in a vector carrying the 
a-amyiase gene. Then the synthetic nucleotide, bearing the 
desired mutation, is annealed to a homologous portion at the 
single-stranded DMA. The remaining gap is then filled in with Dm 
polymerase 1 (K.le«o*? fragment) and the construct is ligated using 
?4 ligase, A specific example of this method is described in 
Horinaga et ai. (1984). US 4,760,025 discloses the introduction 
of oligonucleotides encoding multiple mutations by performing 
minor alterations of the cassette , However, an even greater 
variety of mutations can be introduced at any one time by the 
Horinaga method, because a multitude of oligonucleotides, of va- 
rious lengths, can be introduced. 

Another method for introducing mutations into a»amyiase~eneoding 
DfcHt sequences is described in kelson and Long It involves 

the 3-step generation of a PCS fragment containing the desired 
mutation introduced by using a chemically synthesized D^A strand 
as one of the primers in the PCR reactions. From the PCR-gener- 
ated fragment, a DMA fragment carrying the mutation may be 
isolated by cleavage with restriction endonucieases and 
reinserted into an expression plasmld. 

Ra ndom mutagenes is 
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Random mutagenesis is suitably ■p&xfoxm&d either as localized or 
region-specific random mutagenesis in at least three parts of the 
gene translating to the amino acid sequence in question, or 
within the whole gene. 

s 

WO 96/23874 discloses that in connection with achieving improved 
binding of a substrate (i.e. improved binding of a carbohydrate 
species, such as amyiose or amylopeetin) by a Termamyl -like a- 
amylase variant, modified (e.g. higher) substrate specificity 

10 and/or modified (e.g. higher) specificity with respect to 
cleavage {hydrolysis} of sdbstrate, the following eodon positions 
for the amino acid sequence shown in S£Q ID NO 2 (or equivalent 
coder; positions for another parent Termamyl-Uke a~araylase in the 
context of the invention} appear to be particularly appropriate 

IS fox tarqetting; 

13-18 

50-56 

70-76 
20 102-109 

163-172 

18 9-199 

229-235 

360-364 
25 327-335 

Improv ement of liquefaction performance at low pB and low calcium 
ion coricea t ration 

For an a-aroylase to foe used in a starch liquefaction process it 
30 is of particular interest that it be thermostable and able to 
function at low pB and low calcium concentrations. In order to 
improve these properties of a parent fermamyi- like o-amyiase, in 
particular the B< lichenifor^is a-a»yiase or a variant or hybrid 
thereof, random mutagenesis (preferably by use of doped or sprseo 
35 oligonucleotide primers} followed by appropriate selection of the 
resulting mutated ensyaes may be performed. The direction of 
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selection of regions to randomise and selection of doping are 
based primarily on stabiiiaation of caleiom ions already present, 
sod on improvement in residue/ residue or domain/domain 
electrostatic interactions at low pH, In addition, the regions 
which have been shown to include positions important for 
achieving good starch liquefaction performance may be selected. 

In order to prepare a variant of: a parent Termamyi-like «™amyiase 
having the above properties, at least one of the following 
regions may advantageously be subjected to random mutagenesis 
(the cumbering of the amino acid .residues being as in SEQ ID So. 

Descr ipt i on 
Calcium region" between domain A S B, 
also containing HI 56 
Calcium region te-etween domain &. & B 
Calcium region between domain A & B, 
also containing A209 
Calcium region between domain A & B 
Calcium region between domain A & G 
Calcium region between domain A & C 
Calcium region between domain A & C 
Region containing Ml 33 
Region in contact with HI 33 region 
Region containing Q2€A 

Preferably, two, three or four of the above regions are subjected 
to random mutagenesis in the construction of a novel a •• amylase 
variant of the invention. For instance, the following 
combinations of regions are suitably subjected to random 
mutagenesis ; 

VI x 1 4 ix 
Vixi , ix .+ ix 
II •> III f IV 
IV ^ I 

Furthermore, it is preferred that the mutagenesis is carried out 
by use of doped or spiked oligonucleotides . The doping is 
preferably done so as to introduce amino acids contributing to 



2): 




Region 



I: 


Residue 


lit 
III: 


1?8» 192 

J- 3 ■** <£■ sv 


IV! 

Vi 

VI i 

VII ; 
VIII; 

IX; 
X; 


232-237 
297-308 

428-435 
131-136 
164-175 
262-278 
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improved stability at low pH and reduced calcium dependency at 
low pH of the resulting - d~amylase variant, Furthermore, when 
selecting the doping scheme,- the possibility of introducing h&n 
and Gin residues should generally foe avoided, since Asn and Gin 
S residues in general are associated with instability at low pH. 
Preferably, when a Pro residue can be inserted with potential 
benefits (e.g. as assessed from protein- structural 
considerations), the doping scheme is prepared to include a 
preference for introduction of a Pro residue, 

10 

The parent: Termamyl-like a~-amyiase to be subjected to random 
t«ut a genesis according to the above principle say be any wild 
type ^-amylase or a variant thereof containing one or more: 
mutations- The parent may bs a hybrid between at least two 

1S amylases as explained in further detail herein. Preferably ■> the 
parent a-amyiase is a mutant of the B* liQh®nx£oxmi& a-amyiase 
having the sequence shown in SEQ ID No, 2 containing at least 
one imitation, and preferably multiple mutations. The parent 
amylase may alternatively be a hybrid a~ amylase which contains 

20 at least a part of the I, M&h&nif&rm&s (SEQ ID 8a... 2) a~ 
amylase. Specific examples of parent a-amylases suited to 
mutagenesis according to the above-described principles include; 
variants of the B, lichmMormis {SKQ ID No. 2} «~amylase which 
contain at least one of, i.e. one, two, three, four or all five 

25 Of, the mutations H1S6Y, A1SXT, N190F, A209V and -Q264S; hybrid 
a-ann/lases which contain a part of the B, lichenxfotmis {SEQ ID 
So, 2} a~ amylase,- preferably a C-terrainal part thereof, such as 
amino acids 35-483 thereof and a part of another ?«rraair»yl-iike 
o-amylase such as 3, amyloliqu&fa&ienB (SEQ ID No, A ) a-amyirse, 

30 preferably an N-terminai part thereof such as the first 38 anano 
acid residues thereof ♦ 

In relation ro the above, a further aspect of the present 
invention relates to a method for generating a variant of a 
33 parent Termamyi-iihe a~amylase, which variant; exhibits increased 
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stability at low pH and at low calcium concentration relative to 
the parent; the method comprising: 

(a) subjecting a mh seauetscs encoding the parent Termamyl-like 
5 a~ amylase to random mat agenesis, 

(b) expressing the mutated Wv sequence obtained in step {a) in 
a host cell, and 

10 (c) screening for host cells expressing a mutated a~ amylase 
which has increased stability at lew pH and low calcium 
concentration relative to the parent a-aatylase. 

Step (a) of the latter method of the invention is preferably 
IS performed • using doped primers, as described in the working 
examples herein (vide infra) . 

Metfa&d .of performing random ma tag enesia 

The random mutagenesis of a Dm sequence encoding a parent fit- 
2S amylase to be performed in accordance with step a) of the above~ 
described method of the invention may conveniently be performed 
by use of any method known in the art, 

» 

H'or instance, the random mutagenesis may he performed by use of a 
25 suitable physical or chemical mat ageni sing agent, by use of a 
suitable oligonucleotide/, or by subjecting the DHA sequence to 
PCR generated mutagenesis. Furthermore, the random mutagenesis 
may foe performed by use of any combination of these mutagen! ring 
agents . 

30 

The mutagen! zing agent may, be one which induces tran- 

sitions, t ran aversions, inversions, scrambling^ deletions, and /or 
insertions < 

3S Examples of a physical er chemical mutagen! sing agent suitable 
for the present purpose include: ultraviolet (0V) irradiation, 
hydroxyiamine, N-rnethyi-^* ~nitro~H-~nitresoguanidine {MNBG}, D~ 
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methyl hydroKylamine, nitrous acid, ethyl methane suiphonate 
(EMS)., sodium bisulphite, formic acid, and nucleotide analogues. 

When such agents ate used,, the mutagenesis is typically performed 
S by incubating the mh sequence encoding the parent enzyme to he 
mutagenised in the presence of the mutagenising agent of choice 
under suitable conditions for the mutagenesis to take place, and 
selecting for mutated having the desired properties, 

18 When the mutagenesis is performed by the use of an oligonucleo- 
tide, the oligonucleotide may be doped or spiked with the three 
non-parent nucleotides during the synthesis of the oligonucleo- 
tide at the positions which are to be changed. The doping or 
spiking may be done so than codons for unwanted amino acids are 

15 avoided. The doped or spiked oligonucleotide can be incorporated 
into the DNn encoding the amylolytic enzyme by any published 
technique, using e.g. PCR, LCR or any DMA polymerase and ligase. 

Preferably,- the doping is carried out using "constant random 
20 doping", in which the percentage of wild- type and mutation in 
each position is predefined. Furthermore, the doping may be 
directed to have a preference for the introduction of certain 
nucleotides, and thereby a preference for introduction of one or 
more specific amino acid residues, The doping may, e.g., be made 
25 so as to allow for the introduction of 90% wild type and 10% 
mutations in each position. An additional consideration in 
choice of doping scheme is genetic as well as protein-structural, 
constraints. The doping scheme may foe made by using the DOPE 
program {see the working examples herein) which, inter alia, 
30 ensures that introduction of stop codons is avoided. 

When PCR-gene rated mutagenesis is used, either a chemically 
treated or non-treated gene encoding a parent ©-amylase enzyme is 
subjected to PGR under conditions that increase the mis- 
* 35 incorporation of nucleotides (©eshier 1M2; Leung et ai.. 
Technique, Vol.1, 1989, pp. 11-15} . 
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k imitator strain of £. poll Wml&x: st al . , Holec. Gen, Genet,, 
133, 1974, pp. 179-191}, y S: mrevis&ae or any other microbial 
organism may be used : for the random mutagenesis of the DMA 
©needing the amyiolytic Enzyme by e.g. transforming a plasfisid 
containing the parent enzyme into the mutator strain, growing the 
mutator strain with the plasmid ana isolating the mutated plasmid 
from the mutator strain. The mutated plasmid may subsequently be 
transformed into the expression organism. 

The DMA seguenoe to be mutagen! zed may conveniently foe present in 
a genomic or cDMA library prepared from an organism expressing 
the par ant amyiolytic enzyme. Alternatively, the DMA sequence may 
be present on a suitable vector such as a plasmid or a 
bacteriophage, which as such may be inebbdted with or otherwise: 
exposed to the mutagenizing agent. The DNA to be mutagen! zed may 
also fee present in a host ceil either by being integrated in the 
genome of said cell or by being present on a vector harboured in 
the ceil. Finally, the DMA to bs mutagens zed may be in isolated 
form, It will be understood that the MA sequence to be subjected 
to random mutagenesis is preferably a cDHA or a genomic DMA 
sequence:, 

in some cases it may he convenient to amplify the mutated DBA 
sequence prior to the expression step {t» or the screening step 
id being performed. Such amplification may be performed in 
accordance with methods known in the art, the presently preferred 
method being PCR~generated amplification using oligonucleotide 
primers prepared on the basis of the DMA or amino acid sequence 
Of the parent enzyme , 

Subsequent to the incubation with or exposure to the mutagenizing 
agent, the mutated DMA is expressed fey culturing a suitable host 
ceil carrying the DMA sequence under conditions allowing 
expression to take place-.: The host ceil used for this purpose may 
be one which has been transformed with the mutated DMA sequence, 
optionally present on <a vector, or one which was carried the DM a 
sequence encoding the parent enzyme during the mutagenesis 
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treatment. Examples of suitable host cells are the following: 
grampositiva bacteria smh as Bacillus subtil is, Bacillus 
lichsnifo.rm.is, Bacillus ientus, Bacillus btfsvls, Bacillus 
stearothansiophilss, Macillns jri*#£©p*ilus, Bacil I as 

S amyloliqvef&exens, Bacillus c&sguisns, Bacillus circulars, 
Bacillus lautus, Bacillus msgatarium. Bacillus thuringiensis* 
Str&ptomyces iividans or Sireptc>myc<as murinus; and gramnegative 
bacteria such as SicoM. 

10 The mutated DNA sequence may further comprise a DNA sequence 
encoding functions permitting expression of the mutated DH& 
sequence , 

Localised random mutagenesis; the random mutagenesis may 
15 advantageously be localised to a part of the parent a-amylase In 
question, This may, s.g,, be advantageous when certain regions of 
the ensyme have been identified to be of particular importance 
for a given property of the enzyme, and when modified are 
expected to result in a variant having improved properties. Such 
20 regions may normally he identified when the tertiary structure of 
the parent enzyme has been elucidated and related to the function 
of the enzyme. 

The localised random mutagenesis is conveniently performed by use 
25 of PCR~generated mutagenesis techniques as described above, or 
any other suitable technique known in the art. 

Alternatively, the DNA sequence encoding the part of the DNA 
sequence to be modified may be isolated, e.g. by being inserted 
m into a suitable vector, and said part may subsequently be subjec- 
ted to mutagenesis by use of any of the mutagenesis methods 
di s cu s s e d a bo v e < 

With respect to the screening step in the above-mentioned method 
' 35 of the invention, this may conveniently performed by use of an 
assay as described in connection with Example 2 herein. 
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With regard to screening in general, a filter assay based on the 
following is generally- applicable; 

A microorganism capable; of expressing the mutated amyXolytic 
enzyme of interest is incubated on a suitable medium and under 
suitable conditions for: the enzyme to be secreted, the medium 
being provided with a double filter comprising a first protein- 
binding filter and on top of that a second filter exhibiting a 
low protein binding capability. The microorganism is located on 
the second filter. Subsequent to the incubation, the first filter 
comprising enzymes secreted from the microorganisms is separated 
from the second filter comprising the microorganisms. The first 
filter is subjected to screening for the desired enzymatic 
activity and the corresponding microbial colonies present on the 
W second filter are identified. 

The filter used for binding the enzymatic activity may be any 
protein binding filter e.g. nylon or nitrocellulose. The top- 
filter carrying the colonies of the expression organism may be 
any filter that has no or low affinity for binding proteins e.g. 
cellulose acetate or Durapore T *. The filter may be pretreated 
with any of the conditions to be used for screening or may be 
treated during the detection of enzymatic activity, 

35 The en:- yma tic activity may bo detected by a dye, fluorescence, 
precipitation, pB indicator, IR-abaorbanee or any other known 
technique for detection of enzymatic activity. 

The detecting compound may be immobilized by any immobilizing 
30 agent e.g. agarose, agar, gelatine, poiyaeryiamido, starch* 
filter gaper, cloth? or any combination of immobilizing agents. 

a-Amyiase activity is detected by Cibacrcn Red labelled 
amylopectin, which is- imzoMlimd on agarose, For screening for 
35 variants with increased themal and high- pH stability, the filter 
with bound a~ amylase variants is. incubated in a buffer at pH 2-G.S 
and 60 s or 6S«C for a specified time, rinsed briefly in deionized 



20 
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Water and placed on the amylopectin-agarose matrix for activity 
detection. Residual activity is seen as lysis of Cibaeron Red by 
amyiopeetin degradation The conditions are chosen to be such 
that activity due to the a^amyla&e having the amino acid sequence 
5 shown in SSQ ID No. 2 can barely fee detected. Stabilised variants 
show, under the saise conditions, increased colour intensity due 
to increased liberation of Cibaeron Red. 

For screening for variants with an activity optimum at a lower 
10 temperature and/or over a broader temperature range, the filter 
with bound variants is piaced directly on the fimyiopectin- 
Cibacron Red substrate plate and incubated at the desired 
temperature {e.g. 4*C, 10*C or. 30*0} for a specified time. After 
this time activity due to the a-amyiase having the amino acid 
15 sequence shown in SEQ ID Ho, 2 can barely be detected, whereas 
variants with opticus* activity at a lower temperature will show 
increase sah/Xopect.in lysis. Prior to incubation onto the 
amyiopeotin matrix, incubation in all kinds of desired media ~ 
e*g, solutions containing Ca s % detergents, EDTS or other 
20 relevant additives ~ can be carried out in order to screen for 
changed dependency pr for reaction or the variants in question 
with such additives. 

Testing of variants of the invention 

25 The testing of variants of the invention may suitably be 
performed by determining the starch-degrading activity of the 
variant, for instance by growing host cells transformed with a 
DNA sequence encoding a variant on a starch-containing agarose 
plate and identifying starch-degrading host ceils, further 

3D testing as to altered properties {including specific activity, 
substrate specificity, cleavage pattern, thermoaetivati jn, pH 
optimum, pH dependency, temperature optimum,: and any other para- 
meter) may be performed: in accordance with methods known in the 
art . 

33 
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Expression oi_ j 0£amtla.&®. '^a ^igntg-' 

According to the invention, a mh sequence encoding the variant 
produced by methods described above, or by any alternative 
methods known in the art, can be expressed , in enzyme form, using 
an expression vector which typically includes control sequences 
encoding a promoter, operator, rifeosome binding site, translation 
initiation signal, and. optionally, a repressor gene or various 
activator genes, 

The recombinant expression vector carrying the DMA sequence 
encoding an es -amylase variant of the invention may be any vector 
which may conveniently be subjected to recombinant Wh 
procedures, and the choice of vector will often depend on the 
host cell, into which it is to be introduced. Thus, the vector may 
be an autonomously replicating vector, i.e. a vector which exists 
as an extrachromosomal entity, the replication of which is 
independent of chromosomal replication, e.g. a plasmid, a 
bacteriophage or an extrachromosomaX element, mini chromosome or 
an artificial chromosome. Alternatively, the vector may foe one 
which, when introduced into a host cell, is integrated into the 
host cell genome and replicated together with the chromosome (s; 
into which it has bean integrated > 

In the vector, the Dh'A sequence should be operafoiy connected to a 
suitable promoter sequence. The promoter may be any DNS sequence 
which shows transcriptional activity in the host ceil of choice 
and may be derived from genes encoding proteins either homologous 
or heterologous to the host cell. Examples of suitable promoters 
for directing the transcription of the SNA sequence encoding an 
a~amyiase variant of the invention, especially in a bacterial 
host, are the promoter of the iac operon of Z.coli, the 
.Sixeptomyces coelicolct agarase gene daga promoters, the 
promoters of the Bacillus llch&nifozmis a-amylase gene (amyl) s 
the promoters of the Bacillus stearotbexmophilus maltogenie 
amylase gene imyM) f the: promoters of the Bacillus amylolique- 
faci&ns a~amyiase (myQU the promoters of the .Bacillus subtil is 
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Kyi A and xyiB genes etc. For transcription in a fungal host, 
examples of useful promoters are those derived from the gene 
encoding A, T&KA amylase, Rhlzomucor miehei aspartic 

proteinase, A, niger neutral a~amylase, A, niger acid stable a~ 
5 amylase,- niger giucoamyiase, Ehizomucor miehei lipase, A. 

oryz&v alkaline protease, &> orysae triose phosphate isomerase or 
A » n i d u 1 a n a a c e t a s\ idsss. 

The expression vector of the invention may also comprise a 
10 suitable transcription terminator and, in eukaryotes, poly- 
adenylation sequences operabiy connected to the DNA seguence 
encoding the a-amylase variant of the invention* Termination and 
poiyadenylation sequences may suitably be derived from the same 
sources as the promoters 

The vector may further comprise a OKA sequence enabling the 
vector to replicate in the host ceil in question ». Examples of 
audi sequences are the origins of replication pi piasmids pOCTS, 
pACYCl7?, pUmO, p£194, pAHBl and pXJ?02. 

20 

the vector may also comprise a selectable marker, e.g. a gene the 
product of which complements a defect, in the host ceil., such as 
the dal genes f rom 8, sal>tilis or B, 2 icheniformis, or one which 
confers antibiotic resistance such as smpiciilin, kanamyein, 
25 chloramphenicol or tetracyelin resistance. Furthermore, the 
vector may comprise Aspergillus selection markers such as amdS, 
argB, niaD and sC f a marker giving rise to hygromycin resistance, 
or the selection may be accomplished by co-transformation, e.g. 
as described in WO 91/17243, 

30 

While intracellular expression may be advantageous in some 
respects, e.g. when using certain bacteria as host ceils, it is 
generally preferred that the expression is extracellular. In 
general, the Bacillus a-amylases mentioTied herein comprise a pre- 
35 region permitting secretion of the expressed protease into the 
culture medium. If desirable, this preregion may be replaced by a 
different preregion or signal sequence, conveniently accomplished 
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by substitution of the DMA sequences encoding the respective 
preregions < 

The procedures used to ligate the :» construct of the invention 
5 encoding an a-asnyiase variant, the promoter, terminator and other 
elements, respectively, and to insert them into suitable vectors 
containing the information necessary for replication, are well 
known to persons skilled in the art Scf,, tor instance, Sambrook 
et al. {198 9}}. 

m 

The cell of the invention, either comprising a m& construct or 
an expression vector of the invention as defined above, is 
advantageously used as a host cell, in the recoiabinant production 
of an a-amyiase variant of the invention. The cell may fee 

IS transformed with the ONA construct, of the invention encoding the 
variant, conveniently by integrating the MK construct (in one or 
more copies) in the host chromosome. This integration: is 
generally considered to be an advantage as the ®m aeguenoe is 
mors likely to he stably maintained in the cell. Integration of 

20 the tMh constructs into the host chromosome may be performed 
according to conventional methods, e.g. by homologous or 
heterologous recombination. Alternatively, the ceil may be 
transformed with an expression vector as described above in 
connection' with the different types of hast cells. 

2S 

The ceil of the invention may fee a cell of a higher organism such 
as a mammal or an insect, but is preferably a microbial ceil, 
e.g. a bacterial or a fungal (including yeasts cell, 

30 Examples of suitable bacteria are grampositive bacteria such as 
Bacillus subtilis, Bacillus lichenif oralis. Bacillus lenius, 
Bacillus bra vis. Bacillus stmxotimrmophilus, Bacillus alkalo- 
nhilus, Bacillus amvloliqn&mci®n$, Bacillus coagulants, Bacillus 
circulans, Bacillus lantus. Bacillus megaterimn, Bacillus 

35 thuringiensis, or Streptomvces Imdana or. Streptomvces marinas, 
or gramnegative bacteria such as £<mU. The transformation of 
the bacteria may, for instance, be effected by protoplast trans- 



SUBSTITUTE SHEET 



34 

formation or by using competent cells in a manner known per se. 

The yeast organise may favourably fee selected from, a species of 
Saccharomyces or Sckisomceharomyzsis f e<q. Saccharomyces 

5 csr&visxae. The filaimshtous fungus may advantageously belong to a 
species of Asperglilus, e.g. Aspergillus oryzse or Aspergilius 
niger. Fung a i cells may bo trans formed by a process involving 
protoplast formation and transformation of the protoplasts fol- 
lowed by regeneration, of the ceil wall in a wanner known per se. 

10 h suitable procedure for transformation of Aspergillus host cells 
is described in SP 238 023. 

In a yet further aspect, the present invention relates to a 
method of producing an a-amyiase variant of the invention:, which 
15 method comprises cultivating; a host cell as described above under 
conditions- -conducive to the production of the variant and 
recovering the variant f rplft the cells and/or culture medium. 

The medium used to cultivate the cells may be any conventional 
20, medium suitable; for growing the host cell in question and 
obtaining expression of the a-amyiasa variant of the invention* 
Suitable media are available from commercial suppliers or may be 
prepared according to published recipes (e.g. as described in 
catalogues of the .American Type Culture Collection) . 

23 

The a-amyiase variant secreted from the host ceils may con- 
veniently be recovered from the culture medium by well-known 
procedures; including separating the ceils from the medium by 
eentriiugation or filtration, end precipitating proteinaceous 
30 components of the medium by rr-ans of a salt such as ammonium 
sulphate, followed by the use of chromatographic procedures such 
as ion exchange chromatography, affinity chromatography, or the 
like, 

35 Industrial Applications 

The e-amyiase variants of this invention possesses valuable 
properties allowing for a variety of industrial applications. In 
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particular, enzyme variants of the invention are applicable as a 
component in washing, dishwashing and hard-surface cleaning 
detergent compositions < Mumerous variants are particularly useful 
in the production of sweeteners and ethanoi from starch, and/ or 
5 for textile desizing. Conditions for conventional starch- 
conversion processes, including starch liquefaction and/or 
sacchsri fication processes, are described in, e.g., OS 3,912,590 
and in EP patent publications 80s. 252,730 and 63,309. 

10 ££^gMM-0l..sw eeteners from starch : & "traditional" process for 
conversion of starch to fructose syrups normally consists of 
three consecutive enzymatic processes, viz . a liquefaction 
process followed by a saochar iiication process and an 
isomer! zation process. During the liquefaction process, starch is 

IS degraded to dextrins by an ec-amylas© (e.g. Termamyi™! at pH 
values between 5.5 and 6,2 and at temperatures of 9S-160 a C for a 
period of approx, 2h. In order to ensure an optimal enayme stabi- 
lity under these conditions, IraM of calcium is added (40 ppm free 
calcium ions) . 

20 

After the liquefaction process the dextrins are converted into 
dextrose by addition of a giucoaraylase (e.g. AMG™) and a debran- 
ehing ansyme, such as an isoamylase or a puilulanase (e.g. ?ro- 
moryme^) , Before this step the pH is reduced to a value below 
25 4 ,5, maintaining the high temperature (above 95*C) , and the liqu- 
efying a~a:myiase activity is denatured. The temperature is 
lowered to 60«C, and giucoamyiase and debranching enzyme are ad- 
ded. The sscoharification process proceeds for 24-72 hours, 

30 After the saccharif ication process the pH is increased to a value 
in the range of 6-8, preferably pH .7,5, and the calcium is remo- 
ved by ion exchange. Toe dextrose syrup is then converted into 
high fructose syrup using, e.g., an immobilised giucoseisomerase 
(such as Sweet syme™) , 

35 

At least 3 enzymatic improvements: of this process could be 
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envisaged, All three improvements could be seen as individual 
benefits,, but any combination If2 f 1*3, 24-3 or It2t3} could 

foe employed: 

5 Iasprovement 1 . Reduction of the calcium dependency of the 
1 iquef ying alpha -amy 1 as e . 

Addition of free calcium Is required to ensure adequately high 
stability of the #~ amylase, but free calcium strongly inhibits 

10 the activity of the giueoselsomerass and needs to be removed, by 
iTieans of an expensive unit operation, to an extent which reduces 
the level of free calcium to below 3-5 ppm. Cost savings could be 
obtained if such an operation could be avoided and the li- 
quefaction process could be performed without addition of free 

SS calcium ions . 

To achieve that, a less calcium-dependent Termamyi-iike a-amylase 
which Is stable and highly active at low concentrations of free 
calcium '{< 40 ppms is required. Such s TerBamyl-like a-amyiasa 
m should have a pK optimum at a pH in the range of 4. 5-6 IS, pre- 
ferably in the range of 4.5-5.5. 

Improvement 2. Seduction of formation of unwanted Ma.ili.ar4 



The extent of formation of unwanted Mai Hard products during the 
liquefaction process is dependent on the pB< Low pH favours 
reduced formation of Maillard products. It would thus foe 
desirable to be able to lower the process pH from around pH 5.0 
30 to a value around pH 4.5; unfortunately r all commonly known, 
thermostable Termamyl-Iifee et-amyiases are not very stable at low 
pH (i.e. pB < 6.0} and their specific activity is generally low. 

Achievement of the above-mentioned goal requires a Termamyl-like 
3S a-amylase which is stable at low pH In the range of 4.5-5.5 and 
at free calcium concentrations in the range of 0-40 ppm, and 




products 
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Which maintains a high specific activity. 
Impro vement 3 „ 

It has been reported previously (US patent 5,234,823) that when 
saccharifying with A. niger glwcoamyiase and B. acidopullulyticus 
puiiuianase, the presence of residual a-amyiase activity from the 
liquefaction process can lead to. lower yields of dextrose if the 
a-amyisse is not inactivated before the saccharif ication stage.. 
This inactivation can typically be carried out by adjusting the 
pH to below 5,3 ai 95 e C, before lowering the temperature to 60°C 
foj: saccharificacion. 

The reason for this negative effect on dextrose yield is not 
fully understood, but it is assumed that the liquefying a~amyla.se 
(for example Tetmamyl™ 120 L from B, licheniiormis) generates 
"limit dextrins" (which are poor substrates for B, acMopul- 
lalytiaus puiiuianase) by hydrolysing 1 , 4-a-glucosidic linkages 
close to and on both sides of the branching points in 
amyiopactin. Hydrolysis of these limit dextrins by giueoamylase 
leads to a build-up of the trisaccharide panose, which is only 
slowly hydroiysed by giucoamylase. 

The development of a thermostable a-amylase which does not suffer 
from this disadvantage would be a significant process improve- 
ment, as no separate inactivation step would foe required. 

If s ?ermamyi~iike, Xow-pB-stable a- amylase is developed, an 
alteration of the specificity could be an advantage needed in 
combination with increased stability at low pH. 

The methodology and principles: of the present invention make it 
possible to design and produce variants according to the 
invention having required properties as outlined above. In this 
connection, particularly: Interesting mutations are mutations in s 
Termamyi---iike a-amyiase ffor example Termamyl™ itself (B. 
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licheniformis «~amyiase,« SE£ ID -Htj. 2); or a Tsrmamyi-iike a- 
amylase having an &~fcerminal amino acid sequence (i.e. the 
partial sequence up to the amino acid position corresponding to 
position 35 in Terraamyl™} which is identical to that in Si 
amy 2 oli quef&ci&ns a-amyiase; (SEQ ID No. 4) , i.e. a Termatsyl-iifce 
a-amyiass having the following $~t:sfmnai sequence relative to 
amino acid sequence of fsrmamyl m :; 

Al*i-N2*+L3V^15T4-R2 3K^S29A-!A30E-i-y3iH^A33S-i-E34D^H35l, where an 
asterisk {*') indicates deletion of the amino acid residue in 
question] at positions corresponding to any of the following 
positions in Termamyl™; 

HI 33 
HI 56 
AISI 
MQ9 
GUIQ 
11450 
VI 28 

mm 

V54 

sis? 

B293 
A2M 

(where each of the latter amino acid residues ssay he replaced by 
any other amino acid residue, i.e. any other residue chosen araong 
&, R, N:> 0> C, Q, E, 6, H> I, t, K, M, F, P, S, T, Jf* Y and V) , 
as well as the following triple deletions : 

K3?0**<$3?l*+D372* 

Particularly preferred substitutions at the above-indicated 
positions are the foi lowing i 

HI 331 
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B156Y 
A1S1T 
A2G9V 
G3I0D 
H45GY 
V128E 
N104D 

yfh'm, y> f, i,l 

S187D 
H293Y 
A294V. 

Any combination of on- or snore (i.e. one, two, three, four,,,,,, 
etc,} of the above indicated mutations may appropriately foe 
effected in a Termamyl-like a-amyiase in the context in question, 
and particularly interesting variants of the invention in the 
context of achieving one or more of: the: above -mentioned 
improvements in relation to the starch liquefaction behaviour of 
^amylases include variant^ comprisinc combinations of multiple 
mutations corresponding to the following combinations of 
mutations in femmyl m iSBQ ID No, 2; itself t 

H133btHl56Y-vAlSlTfA20§V^G31OD^H450Y-fV128E^HlO4D4V54W4Si8?O-H293¥^ 
A2 9 4 V 4 K3?0* +6371*+D372 *; 

H133 : 24m$ : 6¥^^^ 
A294V+D372*+S373*+Q374*>' 

Hi33l+H156yfA181T+A209V+G3l0p*«4SOy+V128E^lQ4B*V54Y-fSi87D*H293Y^ 
A294V+K370*+G371*+D372*; 

&294V>D372*+S373*+Q3'M*7 

HI 3 3 X +H1 5 $Y +A13 1TWV2 0'$> V*'G3XQ D*H4 $3?^Yl2 &£-£Hl 04 P-*V5 4 Ft S 1 8? 0+ E2 9 3 Y.+ 
A2 94 V-i-h370* +G371** 037-2*;. 
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H 1 33 1 +H1 5 6 Y +M 81T«09y*G3$ 0D4H4 V1&8J5481 Q 4D*'VS4 F-e-S 1 8 7 H2 9 3 Y+ 
A2 94 V 4-D372* +S373* -f-03? $ *; 

A294V+K370**G3?l**D3?2*? 

Hl33I+H156y^M81T+A20mG310D+HiS0Ym2B£4-m04D4V541^SX87D^H29:m 
A294V+03?2~fS373-4'Q374*? 

Hl33I^56Y+^181T+A2G9y4-G3iOD^50Ym2&B4Hl.04D'fV54L+S18?D^H293y* 
A294V+K370* +G37 1*4037 2* >* 

Hi 33 I+H156Y fk 1 3 1 T+A2 09V+G 3 lOikHiSaiff V12 BE+N104D+V54 L*Si 870+B2 33 Y^ 
J8$W*D372*+S3?3**Q374»; 

Further interesting variants of the invention in this ooatext 
include variants comprising single or multiple jactations 
corresponding to the following single or multiple njgtatioas in 
Termamy37 i!siS itself: 

mutations (amino acid substitutions) at positions 
N172R,K), S187 {e.g. SIS?Dj, N188 (e.g. HX88P) , 
N190L,F), H205 (e.g. H205C5 « D207 (e.g. &207Y) , 
A210S} , Q264 (e.g. Q2643S or N265 (e.g. N265Y} ; 

the following multiple xau tat ions? 
H1S6Y4A181T4A209V; 

H156Y+A181T*N190F4A20SV+Q264-S 

A1**$2**L3V*^^^ 

M**l2**L3V4m8T« 
130F4A209y; or 



NX72 (e.g. 

(e.g. 
A210 (e.g. 
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&l*^**l3Vt»5f*]^ 
1S0F+A2G9V+Q2.64S 

as well as com}:, i nations of any two ox mores of the latter single 
or multiple mutations. 

As already indicated, numerous variants according to the 
invention are particularly well suited for use in starch 
conversion, e.g. in starch liquefaction. In this connection, a 
further aspect of the present invention relates to compositions 
comprising a mixture of: 

(i) the a-- amy j. use from 8. J icheniformis having the sequence shown 
in SEQ ID Ho. 2 with one or more variants (mutant a-amylases) 
according to the invention derived from ias the parent r'ermamyi- 
Hfce a-amylase) the .8. stearothe^opMius a~amylasa having the 
sequence: shown in SEQ ID Ho. 6; or 

til) the a-amyiase from B. stearottiermophilns having the sequence 
shown in SEQ ID No. 6 with one or more variants {mutant «~ 
amylases} according to the invention derived from one or more 
other parent Terma^yi-Iike a-amyieses {e.g. from the 3. 
llch&nifomis a-amyl&se having the sequence shown in SEQ ID ho. 
2 f ox from one of the other parent Terxnaxnyl-Uke a* amylases 
specifically referred to herein}; or 

(ill) one or more variants (mutant «»amylases) according to the 
invention derived from {as the parent Temamyi-Iike a-amylaae) 
the £, ste&mth&rmophilm a-amyiase having the sequence shown in 
SEQ ID Mo. 6 with one or more variants (mutant a-amylases) 
according .to the invention derived from one or more other parent 
Termamyl-Iike a-amylases (e.g. from the 8, lieheniformis a~ 
amylase having the sequence shown in SEQ ID Mo. 2, or from one of 
the other parent Termamyl-like a-arsylases specif really referred 
to herein; . 
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Preferred mutations in a variant; of £< stmarothermophU us a- 
amylase to be incorporated in such a mixture include 
substitutions at M$3 ami/or at £218, and/or the pairwise 
deletions R179*+<3180* or 1181*46183* (using the numbering of the 
s amino acid sequence for this particular ^amylase) . 

Compositions of one of the latter types, containing 
stearoihermophilus a~amylase or a variant thereof according to 
the invention, appear to have great potential for use in starch 
10 liquefaction. The ratio (expressed, e.g., in terms of mg of 
active amyi ©lytic protein per liter of liquid medium) between the 
individual a~amyloiytie components of a given mixture will, depend 
on the exact nature and properties of each component. 

IS Detergent Compositions 



&s mentioned; above, variants of the invention may suitably be 
incorporated in determent compositions. Heference is made, for 
example, to WO 96/23874 and WO for farther details 

20 concerning relevant ingredients of detergent compositions (such 
as laundry or dishwashing detergents), appropriate methods of 
formulating the variants in such detergent compositions, and for 
examples of relevant types of detergent compositions. 

25 Detergent compositions comprising a variant of the invention may 
additionally comprise one or more other enzymes >» such as a 
lipase, cutinase, protease, ceiluiase, peroxidase or iaccase, 
and/ or another a-a»y ls.se v 
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<x~Amylase variants of the Invention may be incorporated in 
detergents at: conventionatly: employed concentrations < It is at 
present contemplated than a variant of the invention may be 
incorporated in an amount corresponding to 0. 00001-1 nq 
(calculated as pure, active enzyme protein) of c-amylase per 
liter of wash/dishwash liquor using conventional dosing levels of 
detergent. 

The present invention is further described with reference to the 
appended drawing, in which; 

Pigc 1 shows the Dm sequence, together with the stop codon TAA , 
encoding the Bacillas strain HCIB 12512 <x~ amylase described in WO 
95/26397, together with the amino acid sequence of the encoded a- 
amylase (of. Fig. 2) . 

F:ig, : .2 is an alignment of the amino acid sequences of four parent 
Termamyi~2ike cx-amylases in the context of the invention, The 
numbers on the extreme left designate the respective amino acid 
sequences as follows: 

1: the amino acid sequence of the Bacillus strain mtB 

12512 a~amyiase described in WO 95/26397; 

2: the amino acid sequence of the Bacillus strain HCIE 

12513 a-amyiase described in WO 95/26397; 

3; the amino acid sequence of the B , stmrothecosopki I us 

a~amyia.se as shown in SEQ ID No. 6 herein; 

4i the amino acid sequence of the B&ciMus sp. #707 

^amylase described by Tsukamoto et ai . in Siochenu 

Siophys. Ses. Cosroun. 151 {19«|J , pp, 25-31, 
The numbers on the extreme: right of the figure give the running 
total number of amino acids for each of the sequences in 
question. Mote that for the sequence numbered 3 (corresponding to 
the sequence in SEQ ID Mo. 6) , the alignment results in "gaps" at 
the positions corresponding to a^ino acid No. i and ho. 17 5 , 
respectively, in the sequences numbered 1, 2 and 4. 
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fig, 3 illustrates the PCH strate;gy employed in Hixarrtpls 2 (vide 
MATERIALS AND METHODS 

5 

Cons true tio» of p&ft&lDX 

This £. coli /Bacillus shuttle vector can be used to introduce 
mutations without expression of d"-amyiase in it coli and then be 

10 modified in such way that the a~amylase is active in Bacillus. 
The vector was constructed as follows; The a~amylase gene in the 
pX vector {pDt3152S with the following alterations within aray L : 
BAN (3.-33) , H156Y, M 8 XT < N190F, A2<iW r . Q264S, the piasmid 
P&MI528 is further described in Example 1} was inactivated by 

IS interruption in the »stl site in the 5 'coding region of the 
alpha-assy la se gene by a 1,2 kb fragment containing an E, coli 
origin fragment, This fragment was amplified from the p0C19 
(GenBank Accession IxXOjSiii using the forward primer : 5' - 
: gaectdeagtcaggcaacta~3 ' and the reverse primer: S "-- 

20 tagagtco:acctgcaggcat~3 ' , The PCR amplicon and the pX piasssid 
containing the «.~arsylase gene were digested with PstI at 3?°C 
for 2 hrs. The pX vector fragment and the E. coli origin 
amplicon were ligated at roos; teisperature . for 1 h and 
transformed in E. coli by eiectrotransf crmation . The resulting 

25 vector is designated pSaKXOi. 

Fermentation and p\srif ic&fcism of a-a^ylasa vaximnts 

A it subtilis strain harbouring the relevant expression 
piasmid is streaked on a LB->agar plate with 15 fig/ml 
30 chloramphenicol from ~80°C stock, and grown overnight at 37 S 'C, 
The colonies are transferred to 100ml BPX media supplemented 
with 15 ug/ml chloramphenicol in a 500 mi shaking flask. 
Composition of BFX medium: 

Potato starch 100 g/1 

55 Barley flour 50 g/i 

BAH 5000 SKB 0.1 g/i 
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Sodium casein&te 
Soy Sean Meal. 
Na 3 HPO, f 12 HjO 
Pieronic Tf - 

S 

The culture is shakes at 37 at 270 rpm for 5 days. 
Cells and cell debris are removed from the f ermentation 
broth by centri f ligation at 4500 rpm in 20~25ffiin< Afterwards the 
supernatant is filtered to obtain a completely clear solution. 

10 The filtrate is concentrated and washed on a OF-filter (10000 cat 
off membrane) and the buffer is changed no 20rm Acetate pH 5.5. 
The OF- filtrate is applied on a S-sepharose f .P. and eiution is 
carried out by step eiution with 0.2M mcl in the same buffer- 
The eiuate is diaiysed against IQsm Tris, pH 9,0 and applied on a 

15 Q-sepharose F.F, and eiuted with a linear gradient from '&~Gu3N 
NaGI over 6 column volumes, the fractions which contain the 
activity (measured by the Phadebas assay) are pooled, pH was 
adjusted to pH 7.5 and regaining color was removed by a treatment 
with 0.51 W/vol. active coal in Smin. 

20 

£®8k.¥. i-o.r ;g-ft*Kylase Activity 

a-Amylase activity is determined by a method employing 
$&h$$bks® tablets as substrate. Phadebas tablets (Phadebas® 
Amylase Test, supplied by Pharmacia Diagnostic) contain a cross- 
25 linked insoluble blue-coloured starch polymer which has been 
mixed with bovine serum albumin and a buffer substance and 
tablet ted. 

For every single measurement one tablet is suspended 
in a tube containing 5 ml 50 mM Britten-Robinson buffer (50 m 

30 acetic acid, 50 mM phosphoric acid, 50 tm boric acid, 0*1 mM 
CaCi 2; pH adjusted to the value of interest with Ma OH) . The test 
is performed in a water bath at the temperature of interest. The 
a-an$yia.se to be tested la diluted in x ml of 50 nM Brit ton- 
Robinson buffer. 1 ml of this a-amyiase solution is added to the 

35 5 mi 50 mM Britten- Robinson buffer. The starch is hydrolysed by 
the a-amyiase giving soluble blue fragments. The absor banco of 
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the resulting blue solution, measured spectrophotometrically at 
620 nm, is a function of the a-amylase activity. 

It is important that the measured 620 ran absorbance 
after 10 or 15 minutes of incubation if eating time] is in the 

5 range of 0.2 to 2,0 afosorbaace units at 620 asu In this 
absorbance range there is linearity between activity and 
absorbance {Lambert-Beer law) , The dilution of the ensyme must 
therefore be adjusted to fit this criterion. Under a specified 
set of conditions (temp., pB, reaction time, buffer conditions; 1 

ID mg of a given « -amylase will hydrolyse a certain amount of 
substrate and a blue colour -will be produced. The colour 
intensity is measured at 520 nrs, The measured absorbahee is 
directly proportional to the specific activity fact 1 vity/mg of 
pure «~amylsse protein) of the d-amylase in question under the 

IS given set of conditions , 

m«thod for random m$it&<j«»©sis hj us© of tfe* $>rO«jx'«8x 

The random mutagenesis may be carried out by the following 
20 steps; 

1. Select regions of interest for modification in the parent 
enzyme 

2, Decide on mutation sites and nonmu rated sites in the selected 
region 

25 3, Decide on which kind of mutations should be carried out, e,g. 
with respect to the desired stability and/or performance of the 
variant to be cons tracked 

4, Select structurally reasonable mutations, 

5, Adjust the residues selected by step 3 with regard to step . 
30 6. Analyze by use of a suitable dope algoritm the nucleotide 

distribution. 

7< If necessary, adjust the wanted residues to genetic code 
realism (e,g, taking into account constraints resulting from the 
genetic code (e*g> in order to avoid introduction of stop 
35 codons)) (the skilled person will be aware that, some codon 
combinations cannot be used in practice and will need to be 
adapted) 
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&, Make primers 

9, Perform random mutagenesis by use of the primers 

10. Select resulting ot-amylase variants by screening for the 
desired improved properties.: 

Suitable dope algorithm? for use in step 6 are well known in the 
art. One algorithm is described by Tomahdi, Q» et ai , f Journal 
of Computer- Aided Molecular Design, 11 (1997; , pp. 29-38), 
Another algorithm, DOPE, is described in the following: 

*£hm dope prospf&ss 

The "DOPE" program is a compute.?: algorithm useful to optimise 
the nucleotide composition of a option triplet in such a way that 
it encodes an amino acid distribution which resembles .most the 
wanted amino acid distribution, in order to assess which of the 
possible distributions is the *ost similar to the wanted amino 
acid distribution, a scoring function is needed, in the ^Bope* 
program the following function was found to be suited: 




where the x, '* s are the Qbtaihed amounts of amino acids and groups 
of amino acids as calculated by the program, >; • s are the wanted 
amounts of awino acids and groups of amino acids as defined by 
the user of the program (e.g. specify which of the 20 amino 
acids or stop codons are wanted to be introduced, e.g. with a 
certain percentage {e.g. 90% ftla, 3% He, 1% Val), and are 
assigned weight factors as defined by the user of the program 
(e.g. depending on the importance or having a specific amino 
acid residue inserted into the position in question!, ti is 21 
plus the number of aiaino acid groups as def ined by the user of 

the program. For purposes of this function 0* is defined as 
being 1 , 

A Monte-Carlo algorithm (one example being the one described by 
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Yalleah, -J , P .. & Whittington, SVG, (1977} A guide to Hont Carlo 
for statistical .mechanics j /I Highways, In ^Statistical 
Mechanics, Part W> Equlibriam fechniqeaes ed. B< J* Berne, ffe« 
York; Plenum) is used for finding the maximum value of this 
5 function. In each iteration the following steps are performed: 

LA new random nucleotide composition is chosen for each base, 
where the absolute difference between the current and the new 
composition is smaller than or equal to d for each of the tour 
1(1 nucleotides G .. A , T , C in ail three positions of the codon (see 
below for definition of d) - 

2, The scores of the new composition and the current composition 
are compared by the use of the function s as described above. 
If the new score is higher or equal to the score of the 
15 current composition, the nsw composition is kept and the 
entreat composition is changed to the new one. If the new 
score is smaller, the probability of keeping the nm 

composition is tx^(^mwjmm~eurrem„$C0re)) . 

20 & cycle fiorroally consists of 1000 iterations as described abd^e 
in which d is decreasing linearly from I to 0. One hundred or 
wore cycles are performed in an optimisation process. The 
nucleotide composition resulting in the highest score is finally 
presented. 
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EXAMPLE 1 

Construction o£ X«rm*aQfl m v«»4«ats in accordance with the 
5 invention 

Terraamyl (S. 2 i chemformis ot-asjylase SEQ ID HO, 2 5 is expressed 
ins B. subtills from a plasmid denoted pDN1528. This plasmld 
contains the complete gene encoding Termamyl, aaiyX, the 
10 expression of which is directed by its own promoter. Further, the 
piasRUd contains the origin of replication, ori, from plassid 
pUBUO and the cat gene from placid pC194 conferring resistance 
towards chloramphenicol. pDN1528 is shown in Fig. 9 of WO 
96/23874. 

15 A specific mutagenesis vector containing a major part of the 

coding region of SSQ ID NO 1 was prepared, The important features: 
of this vector denoted pjemi,. include an origin of replication 
derived froa the puc plasmids, the cat gene conferring resistance: 
towards chloramphenicol, and a f ranieshif t-containing version of 

20 the bis gene, the wild type of which normally confers resistance 
towards asrspieiilin (amp 8 ph*mo%ype) . This mutated version results 
in an amp* pheaotype. The plasmxd pjeEM is shown in Fig, 10 of 
m 86/23874, and the £. coli origin of replication, ori. Ma, 
cat, the 5' -truncated version of the Termamyl amylase gene, and 

23 selected restriction sites are indicated on the plasmid. 

Mutations are introduced in amyL by the method described by 
Deng and Nickoloff (1992, Anal, aiochem. 200 , pp. 81-88) except 
that piasmids with the "selection primer' 5 (primer #6616; see 
be low) incorporated are selected based on the amp-" phenotype of 

30 transformed E. coli cells harboring a plasmid with a repaired bU 
gene, instead of employing the selection by restriction enzyme 
digestion outlined by Deng and Klekoloff, Chemicals and enzymes 
used for the metagenesis were obtained from the ChameieonO 
mutagenesis kit from SI rata gene (catalogue number 200509} . 
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After verification of the 0SA sequence in variant piasmds, 
the truncated gene, containing the desired alteration t is 
subcloned into pDH1528 as a Pail-EcoM fragment and transformed 
into the protease- and ajtiylase-depieted Bsc 11 las subtilis strain 

5 SHA27 3 (described in M092/U357 and WQ95/1G603} in order to 
express the variant enssyme. 

The Termanv/1 variant V54W was constructed by the use of the 
following mutagenesis primer (Kitten 5* to 3* , left to right): 
PG GTC GTA GGC ACC GTA GCC CCA ATC CGC TIG 

10 The Termamyi variant A52W 4 VS4W was constructed by the use 

of the following mutagenesis primer {written 5" to 3% ieft to 
right) ; 

m GTC GTA GGC ACC GTA GCC CCA ATC CCA TTG GCT CG 

Primer #6816 (written 5' to 3', left to right; P denotes a &' 
15 phosphate ) : 

F CTG TQh CTG GTG ACT ACT CAA CCA &GT C 

The Termamyl variant V54E was constructed by the use ot 

the following mutagenesis primer (written 5*~3*> lef t to right) ; 

PGG TCG TAG GCA CCG TAG CCC TC& TCC GCT TG 
20 The Termamyi variant V54M was constructed by the use of 

the following mutagenesis primer {written *>'~3', left to right) i 

PGG TCG TAG GCA CCG TAG CCC ATA TCC GCT TG 

The Termamyl variant was constructed by the use of 

the following mutagenesis primer (written 5'-3' , left to right): 
25 PGG TCG TAG GCA CCG TAG CCA ATA TCC GCT TG 

The Termamyl variants Y290C and Y290K were constructed by 

the use of the following mutagenesis primer (written 5'~3', left 

to right); 

PGC AGC ATG GAA CTG CTY ATG AAG AGG CAC GTC AAA C 
30 Y represent an equal mixture of C and T * The presence of a codon 
encoding either Glutamatfc or Lysine in position 2§0 was verified 
by ON A sequencing. 

The Termstnyi variant was constructed by the use of 

the following mutagenesis primer (written S*-3<, left to right, t 
- 35 PCA TAG TTG CCG AAT TCA TTG GAA ACT TCC C 

The Termamyi variant AU88P*&lMF was constructed by the 
nse of the following mutagenesis primer (written 5' -3*, left to 
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right) ; 

PGA TAG TTG CCG AAT TCA GQS CAA ACT T ''..'€ CM ?C 

The Termanvyl variant ms constructed by the 

use of the following mutagenesis primer (written 5* -3', left, to 
right; ; 

CCC GCG CCC CGG GAA ATC AAA TTT TGT CCA GGC TTT AAT TAG 

The Termansyl variant was constructed by the use of 

the following mutagenesis primer (written 5 f --3% left to right): 
PGA AAA TGG TAG CAA TAG GAG TTA AAA TCG CTG 

The Termamyl variant A! SIT was constructed by the use of 
the following mutagenesis primer {written S'-3 f , left to right); 
PCT TCG CAA TCG CAA GTC TTC CGT TGA AAC 

The Termamyl variant A209V was constructed by the use of 
the following mutagenesis primer (written 5'-3', left to right); 
PCTT AAT TTC TGC TAG GAC GTC AGO ATG GTC ATA ATC 

The Teimamyl variant Q264S was constructed by the use of 
the following mutagenesis primer {written §'~3', left to right): 

PCS CCC AAG TCA TTC GAC GAG TAG TCA GCT ACG GTA AAC 

The Termamyl. variant $1870 was constructed by the use of 
the following mutagenesis primer (written S'~3', left to : rightj ; 

PGC CGT TTT CAT TGT CGA CTT CCC AAT CCC 

The Termamyl variant DELTA (K3/C-G 371- D3'~2; (i.e. deleted 
of amino acid residues nos. 370, 37! and 372; was constructed by 
the use of the following mutagenesis primer (written 5 — 3' , left 
to right) ; 

?GG AAT TTC GCG CTG ACT ACT CCG GTA CAT ATC CCC 

The Termamyl variant DELTA{P372~S373~Q37 4) was constructed 
by the use of the following mutagenesis primer {written S<~3', 
left to right} ; 

PGG CAG GAA TTT CGC GAC CTT TCG TCC CGT AC A TAT C 

The Termamyl variants A181T and A20SV were combined to 
A181T+A203V by digesting the AX81T containing pDK1528--iike 
piasmid (i.e. pDNl§28 containing within amyl- the mutation 
resulting in the A181T alteration) and the A20gv-containing 
pDHlS28~iike piasmid (i.e. pMl528 containing within smyl the 
mutation resulting in the h2mv alteration) with restriction 
enzyme Clel which cuts the pDNlSSS-iike plasmids twice resulting 
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in a fragment of 1116 bp aj*.d" "%h&. ve.etdr-part {i.e. contains the 
plasmid origin of replication} of 3850 bp. The fragment 
containing the A209V mutation and the sector part containing the 
A181T mutation were purified by QIAquick gel extraction kit 
(purchased from after separation on an agarose gel. The 

fragment and the vector were ligated and transformed into the 
protease and amylase depleted Bacillus suhtilis strain referred 
to above < Plasmid from aayt (clearing zones on starch containing 
agar-piates! and chloramphenicol resistant transf ormants were 
analysed for the presence of boch mutations on the plasmid. 

In a similar way as described above, H1S6Y and A209V were 
combined utilizing restriction endonucieases Aec651 and EcoRl, 
giving H156Y+A209V. 

H156Y +A209V and Al8iT+A20SV were combined into HX56V+- 
Ai8iT-tA209V by the use of restriction endomscl eases Acc65I and 
Hindi II. 

The 35 N- terminal residues of the mature part of Tetmamyl 
variant HISW &18IT4&209V were substituted by the 33 ^-terminal 
residues of the 8, a&yiQliqu®£aci&n& a- amylase (SBQ ID HO 4'.j 
(which in the present context is termed SAN) by a S0E-FCR 
approach fMiguchi et ai , 1988, Nucleic Acids Research 163 7351) 
as follows ; 

Primer 193S4 (sequence 5'~3'} t CCT CAT TCT GCA GO A GCA QCC GTA 
AAT m€ ACQ CTG 

Primer 19362: CCA GAC GGC AGT AAT ACC GAT ATC CGA TAA A?G TTC CG 
Primer 19363 i CGG ATA TCC GTA TTA CTG CCG TCT GCA TTC 
Primer 1C: CTC GTC CCA ATC GGT TCC SIC 

A standard PCR, polymerase chain reaction, was carried out 
using the Fwc thermostable polymerase from Boahringer Manah^m 
according to the ruanuf aeturer* s instructions and the temperature 
cycles; 5 minutes at 2.5 cycles of (94°C for 30 seconds, 

30 C C for 45 seconds, 72*C for I minute) , : ?2°C for 10 minutes. 

An approximately 130 fop fragment was amplified in a first 
PCR denoted PCR1 with, prisiers 19361 and 19362 on a DMA fragment 
containing the gene encoding the B, smyl oliqv ® f a ci ens amylase* 

An approximately 400 bp fragment was amplified in another 
PCE denoted PCR2 with primers: 19363 and tC on template pDH1528> 
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BCSU and PCR2 were purified from an agarose gel and used 
as templates in FCR3 with primers 153 S4 and 1C, which resulted 
in a fragment of approximately 520 bp. This fragment thus 
contains one part of W&. encoding the N~terminus from BM< fused 
to a part of DMA encoding Termarayl from the 3Sth amino acid. 

The 520 bp fragment was sntoeioned into a pDH1528~iike 
piasmid (containing the gene encoding Tarmamyi variant H1S6Y+ 
A181T+A209VJ by digestion with restriction endonucieases Psil 
and SacIX, ligation and .transformation of the B.. subtil Is strain 
as previously described. The DMA sequence between restriction 
sites Psti and Sad I was verified by DMA sequencing in extracted 
piaemisSs fro* my* and chloramphenicol resistant transformants . 

The final construct containing the correct. H-texatisras from 
BAN and H1S6Y+ A1S 1T*A209V was denoted BAP ( i -35 } * BX56Y4 
A18:l?*A2G9V, 

was combined with BAN (1-35) + H156Y+ A18XT+A209V 
giving BAN{l-35)+ H156Y+ A181T+N19GF+A209V by carrying out 
mutagenesis as described above exept that the sequence of amyL 
in pJeBNl was substituted by the DMA sequence encoding fermamyl 
variant BAN (1-35) f H156Y+ A181T+A209V 

§264$ was combined with BAM (1-35) + H156Y4 A181T+A209V 
giving BAN {1-35} + H1S6Y* A1-81T+A209V+Q264S by carrying out 
Mutagenesis as described above exept that the sequence of amyL 
in p4eEN was substituted by the the D®h sequence encoding 
Terraamyi variant 8ANU-3S)* HI56Y+ A18iT-fA2D9V 

BAN {1-35} + HlS8Yf A18m»209V+Q264S and BANU-35}* B156Y* 
A181TW190F+A209V were combined into BAH { 1 -35} 4- HX56Y* 
A181?+N19GF+A2G9V*Q264S utilising restriction endonucieases 
BsaKI IBsiakl site was introduced close to the A209V mutation} 
and Pstl. 

EXAMPLE 2 
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$^rm»8yl~Xile* a-*H»yla»« vawriajetta* ImtriBg a& i^prov^sd stability *fc 
low pB a Tadsaaad &*&p®n&mng$ on cmlciam ions &r stability 

esssgsypaxed to the pa&an-t ©nxp&s 

a-amyiases are of great importance for the industrial starch 
liquefaction process x The variant of the thermostable B> 
lichen if axmis a-atsylase consisting of amino acids 1-33 of the B« 
amyloiiqaefaciens amylase (S£Q ID SO 4} fused to amino acids 36- 
483 of the B. lichenifoxmis amylase {SEQ ID NO 2} and further 
comprising the following mutations; 

tlMt T181, FI.9G, V209 and S264 (the cone t ruction of this 
variant is described in Example 15 

has a very satisfactory stability at low pH and iov calcium 
concents: at ions , In an attempt to further improve the stability 
at Im pH and low calcium conc^ntratibJi of said ^-amylase 
variant random mutagenesis in preselected regions waee 
performed > 

The regions were. 
Region : Residue t 

Ti PheX53~fhrl83 
IX 5 <5inl78~AsrtlS2 
ill: His2QS-Arg214 
IV; Kla232~h$p2$l 
and 

V 111: Ss i y 1 3 1 - Ly s 138 

IX i AsplS:1~Tyrl?S 
Tvr 262™Thr278 



Region Total % Mean % Member of residues 
changed 

x « 35 88 8 out cf 11 

XT; 20 86 11 out of 15 

ni , 21 88. 10 out of 10 
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XVt 






5a -X 


out ot 13 


VIII : 


j 




S3 £ 


6 out of S 


XX s 


46 




93 


12 out of 12 


X; 


27 




90 


12 out of 13 


Vtll 4 IX: 


18 








VIII 4 IX + II: 


4 








II 4 211 4 IV: 


A 








IV ■» I; 










The numbers under 


Totall 


1 give the 


: tot a 


1 number of wild- type (wt) 


amino acids desired in ,■: 


i given re 


g ion 


after doping. The number 


is obtained by multiplication of 


r.he n 


umfoer of mutated positions 


(eta, 8 with resps 


5! v.- %u- 


region I ) 


by their respective wt. With 


respect to region 


I the 


desired total! 


is 



®Q*H*$®+'$Q*$Q*9Q*$$*9QJIQQ ~ 35%, 

The mm% is the mean doping level for the total number of 
positions of the region in question (e.g. 11 positions with 
respect to region I) . For region I the mean! is calculated' as 
follows: .8-04 8 0 +SO^0^'b : +^6-+-f 5*S,0« 70S divided hy 11-881 

The DOPE software {see Materials and Methods) was used to 
determine spiked codons for each suggested change in the seven 
regions minimizing the amount of stop ccdons. The exact 
distribution of nucleotides was calculated in the three 
positions of the codon to give the suggested population of amino 
acid changes. The doped regions were doped specifically in the 
indicated positions to have a high chance of getting the desired 
residues, but still allow other possibilities. 

For instance, the original Hi 56 in the wt sequence was 
mutated into an V, meaning a new codon, and then doped 101 for 
other residues. That is the DNA sequence has the code for a y 
instead for a Hi In position 156 the Tyr has been programed to 
be 90% desired and other residues has been freely allowed, For 
some positions it was not possible to create the suggested 
population of amino acid residues because the genetic code 
restricted the structurally and functionally desired residues. 
The resulting seven doped oligonucleotides are shown in tables!--- 
?: with the wt nucleotide and amino acid sequences and the 
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'distribution of nucleotides tor each doped position. Ail library 
primers were synthesized as sense strands. 

Table 1: Library DASI CPhel53~ThrlS3} 

5 

153 154 155 156 157 158 159 160 161 162 163 
Phe nys Trp Tyr frp Tyr His Pte Asp Giy Thr 

Primer: 5 'CSC GGC AGC ACA TAG AGC SAT TIT 2A3 TGG 1ST TGG 67? 
W 8 AT TTT GAC GGA A9C GAT TGG GAC GAG TCC CGA A AGS' 

Distribution of nucleotides for each doped position. 





1: 


80% 


t f 


20% 




15 


2 " 


96% 


s ,< 


2% 


G, 2% C, 




3i 


98% 


A, 


21 






4:: 


93% 


T, 


41 


G, 3% A. 




S ; 


97 % 


A> 


3% 


G> 




6: 


98% 


■.A. f 


2% 


A, 


20 


7: 


97% 




3% 


C. 




8: 


90% 


c, 


10' 


1 T. 




9: 


95% 


•w ^ 


5% 


A. 



Table 2; Library DASH |Qlnl18~Asnl92l 

25 

178 179 180 181 182 1S3 1B4 185 186 187 188 189 190 191 192 
Gin Gly Lys Thr Trp Asp Trp Gin Yal Ser Asn Glu Phe Giy Asn 

Primer; 5'CTG AAC GGC ATC TAT AAG TTT 1A2 34T A AG 567 TGG GAT 
.30 89G GA10 GTT A11T 1213T GAA T141S 10X718 AAC TAT GAT TAT TTG 
ATG TAT 3' 



Distribution of nucleotides for each doped position, 

- 35 li 93% G» 71 A. 

2; 84% B, 16% T, 
3; 95% G, 5% A. 
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4: 951 G, 5% C, 

5; 94% A, 6% G. 

6; 95% C, 51 A« 

7; 62% T, 38% G. 
5 8: 8?% T, 13% A. 

9: 91% G t 9% C, 

iOt 92% G r 8% T , 

11; 30% a, 5% A, 5% C. 

12: 881 A, 12% G, 
10 13: 881 A, 12% C, 

14 : 93% T, 5% A, 2% C. 

IS: 97% ?, 3% G. 

18: 86% G, 14% A. 

17: 8 9% 6, 21% C, 
IS 18: 60% G\ 40% T, 

Tafele 3: Library DASH I {Hi s205-Arg214 | 

205 206 207 208 209 210 211 212 213 214 
20 His Fro Asp Val Val Ala Glu lie t#s 



Primer : 5' TAT GCC GAG MC QAt TAT GAC 12T 3CT 456 7TT 8910 1112T 
13 Al 4 1ST! 6 A17A 181 9A TGG GGC ACT TGG TAT GCC AAT 3* 

25 Distribution of rsucleotid-es for each doped position. 

1 : 89% C, 11%. T. 

2: 89% A, 11% G, 

3; 95% C, 2,3 I?., 2,5% A. 
30 4i 96% G, 1% A, 3% T« 

55 96% A, 4% C. 

6; 9B% T, 2% A, 

7; 95% 0, 2.5% A, 2.5% C. 

8; 93% G, 7% A, 
35 9 ; 96% T f 4% A, 

10: 84% A,- 16% G. 

11: 811 S, 7% A y 7% T ( 5% .C, 
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I2t 


98% 


w 


2% A . 


13: 


96% 


G, 


4% C 


14: 


$4% 


G f 


6% T. 


15:: 


821 


A f 


18% T . 


16; 


50% 


A, 


50% T . 


11 : 


90% 


A, 


10% G, 


IS ; 


701 


A, 


30% C, 


19; 


861 


G, 


14% ft. 



10 Table 4: Library PASIV (Ma232~Asp243 j 

232 233 234 235 236 237 238 239 240 241 242 243 
Ala Val Lys His He Lys Phe Ser phe Leu Arg Asp 

15 Primer; 5 •' TIG GAC GG? TTC CGT CTT GAT 12T GST AAA 456 ?TT A8S 
T9T lOlIT TI2T I3T14 1S1SG GA1? TGG GTT ART CAT GTC AGG GAA 

Distrlbtitien of nucleotides for each doped position-. 

20 U 93% 6, 3.5% A, 3.5% T. 
2: 94% C, 4% T, 
3; 94% T, 6% C. 
4; 93% C, 2% T , 2% A, 3% G. 
5: 38% A, 2% T, 
25 6: 981 T, 2% A. 
7: 95% A, 5% C. 
8: 94% A, 6% G , 
$i 90% T, 10% A, 
10: 89% T, 11% A. 
30 11; 891 C, U% A. 
12; 95% T t 5% A 
13; 64% C, 33% T, 3% A, 
14: 93% A, 7% T. 
IS; 90% A, 10% C. 
' 35 16; 90% G, 5% A,- 5% G 
17; 90% ?, 10% A 
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table St Library DAS VI 12 (Glyl31-Lysi36) 

131 132 133 134 135 136 
Gly GIu Mis Leu lie lys 

Primer; 5' GCT GAG CGC AAC CGC GTA ATT TCA 123 GA4 56T ?8A 9TA 
AlOG GCC TGG ACA CAT TTT CAT TTT 3' 

Distribution of nucleotides for each doped position. 

It m G f 9% A , 

2c 87% G, 13% C. 

3; 90% T, 10% G , 

4 : 30% G, 10% T. 

5; 8S% C, 8% T, 7% A. 

6: 89% A, 9% T, 2% Ci 

7i S 8 1 ?, 12% A 

8: 88% T-i 11% C, 1% G 

9c 92% Aj 8% T 

10: 93% hi 7% G 

Table 6; Ubtaty DAS IX { Aspl64~?yrl7S) 

164 165 166 16? 168 169 170 173 172 173 174 173 
Asp Trp Asp Giu Set Arg iys Leu Asn Arg lie Tyr 

Primer; 5 'TGG TAG CAT TTT GAC GGA ACC GAT TGG 1A2 GAG 3CG CGA 
A4G S6A A7T ASG 9 1011 T12T AAG TTT CAA GGA AAG GCT TGG 3' 

Distribution of nucleotides for each doped position.. 

Is 94% S, 61 A. 

2: 96% T f 4% G„ 

3; 92% T , 4% A f 4% S. 

-1 i 95% A f 3% G. 

5: 93% C f '7% A, 

6: 92% T, 8% A, 
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'7; 90% A, 5% G,S% C, 
8: 90% G., 10% A, 
3; 92% A f 6% G, 2 % T , 
10: 92% T,' 8% A. 
5 lit 50% T,- 50% C. 
12: 96% ht 4% T, 

Table 7: Library DASX (Tyr2S2~Asn27&| 

10 262 263 264 265 266 26? 268 269 270 271 272 273 374 275 276 27? 
2?8 

Tyr Trp Set Asn Asp Leu Gly Ala Leo Giu Asn Tyr Leu Asn Lys Tht 
Asn 

IS Primer; 5 ' GAA ATG TTT ACG GT& GCT GAA TIT TGG 234 56T 7A8 91011 
1213T 14 1ST 16T1? GA18 A19T T20T 21T22 A23C A24G ACA 25AT TTT 
AA7 CAT TCA GTS TTT GAC3 ' 

Distribution of nucleotides for each doped position* 
20 1: 95% A, 5% T, 

2t A, 31 G« 

3; 95% G, 2,5% A, 2,5% C, 

A : §4% T, 6,2% G. 

5j 971 A, 3% T. 
25 6; 94%- A, 3% G, 3% C. 

7; 95% G, 5% A. 

8; 95% T> 5% A, 



9: 


52% 


T ? '< 


15% C, 3% 


hi 




3.0 


; 96% 


Z,* 


1% C. 






30 11 


- 60% 


K, 


40% S< 








~ 90% 


G ? 


10% A. 






13 


; 941 


G, 


6% C, 






1 4 


j 81% 


Gt 


8% A, 8% 


f t 3 




15 


t 98% 


• G f 


2% T. 






35 16 


; 901 


C ? 


10% A« 






11 


i 50% 


> G, 


50% T. 






IB 


; 90? 


.: A, 


101 
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'19: 90% A, 5% G, 5% C. 

20; 95% h f S% T . 

21: §11 7,9% h. 

22; 92% h t 81 G. 

23? 94% A , 3% G, 3% C. 

.24 1 93% G, ?% A. 

25; 90% A, 20% G, 

Random mut&g&nssis! 

The spiked oligonucleotides apparent from Tables 1-7 {which by a 
common term is designated FDAS in Fig. 3) and reverse primers 
RDAS for each region and specific 3. lichen if ormis primers 
covering the Sad I and the Sail sites are used to generate PGR- 
library- fragments by the overlap extension method {Bcrtou at 
all, Gene, 77 (198f), pp. 61-68? with an overlap of 21 bp. 
Figure 3 shows the PCR strategy. The PGR fragments are cloned in 
the E, calx/Bacillus shuttle vector pSNKlOl (see Materials: and 
Methods) enabling mutagenesis in S, coli and immediate 
expression in Bacillus subtil is preventing lethal accumulation 
of amylases in E, coli, After establishing the cloned PCR 
fragments in E. coli, a modified pUC19 fragment is digested out 
of the plasmid and the promoter and the mutated Termamyl gene is 
physically connected and expression can take place in Bacillus. 

The seven libraries may be screened in the low pi) and the 
low calcium filter assays described below. 

Low pH filter asss&y 

Bacillus libraries are plated on a sandwich of cellulose 
acetate iOE 61, Schleicher & Sdhuell, Dassel, Germany) - and 
nitrocellulose filters CErotran-Ba 85, Schleicher & Schuell, 
Dassel, Germany) on T'x agar plates with 10 no /mi chloramphenicol 
at 37*C for at least 21 hrs . The cellulose acetate layer is 
located on the TY agar plate- 

Each filter sandwich is specifically marked with a needle 
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after plating, but before incubation in order to be able to 
localise positive variants, on the filter and the ni trace! iulose 
filter with bound variants is transferred to a container with 
citrate buffer, pH 4-5 and incubated at S§*C for 15 tain. The 
S cellulose acetate filters with colonies are stored on the ?¥~ 
plates at room temperature until use* &fter incubation, residual 
activity is detected on plates containing 1% agarose, 0,2% 
starch in citrate buffer, pH 5.0. The assay plates with 
nit roceliuioso filters are marked the same way as the filter 

10 sandwich and incubated for 2 hrs. at 5G*C After removal of the 
filters the assay plates are stained with 10% X>ugol solution. 
Starch degrading variants are detected as white spots on dark 
blue background and then identified on the storage plates. 
Positive variants are rescreened twice under the same: conditions 

15 as the first screen, 

Low Ca&eiwat filter 

The assay is performed in the: saps way as the low pH 
filter assay with the following modif icaticns ; The filter with 
28 hound proteins is incubated at 95*€, pH 6.0 for 1 h. with 
different EST & concentrations {0.001 raM •■ 100 mHh* 

The following variants were obtained by the above xaethod ('B&N 
designates' 8. a^yioiiq : g:e£aoiens a~amylase) : 
25 * BAN/Terraaiayl hybrid ** H156Y+A181T+N1 A209V+Q264S. t 12X1Q. 

• BAN/Termamvi hybrid *■+ Ml 5 6 V tM 8 IT* H .1 9 0 F* A209V+Q264S + H20SC 

The mutations indicated in bold were introduced by the 
random mutagenesis method. The stability data for these 
30 variants appear from Table 11 in Example 3» 

In an analogous manner to that described above, random 
mutagenesis of the above identified seven regions are performed 
on the parent 5. Ifcnenifor^is a~amyiase (SSQ ID. NO 2) . The 
doping scheme is determined ana logousiy to that used above ♦ 
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MftasurwRttnt o£ th® o&leiwst- and pH~d*sp©ndent stability 

Normally, the industrial liquefaction process runs using 
pH 6,0-6,2 as liquefaction pH and an addition of 40ppni free 
calcium in order to improve th« stability at 95*0105*0 » Some 
of the herein proposed substitutions have been made in order to 
improve the stability at 

1. lower pH than pH 6,2 and/or 

2, at free calcium levels lower than 40ppm free calcium. 

Three different methods have been used to measure the 
improvements in stability obtained by the different 
substitutions in Termamyi : 

1 One assay which measures the stability at slightly reduced 
pH, pH 5,5, in the presence of 40ppm free calcium, (thereby,, 
the improvement of stability at low pH is measured), 10 ug of 

the variant were incubated under the following conditions s h 
OA H acetate solution, pH adjusted to pH 5,5, containing 
40ppm calcium and 5% w/w common corn starch (free of calcium!. 
Incubation was made in a water bath at 95 *C for 30 minutes, 

2. Another assay which measure the stability in the absence of 
free calcium and where the pB is maintained at pH 6.2, This 
assay measures the decrease in calcium sensitivity? 

10 ug of the variant were incubated under the following 
conditions: A 0,1 M acetate solution, pB adjusted to pH €.2, 
containing 51 w/w common corn starch (free of calcium) , 
Incubation was made in a water bath at 95*0 for 30 minutes, 

3. A third assay wherein the conditions of assays nos, 1 and 2 
have been combined. This assay measures the stability in the 
absence of calcium and at low pH (pH 5,5} ♦ 

4. A fourth assay similar to no, 3. where the pH has been further 
reduced to pH 5,0 

Stability dete^lhatios 

Ail the stability trials 1,2, 3 and 4 have been made using 
the same set up. The method was; 

The enzyme was incubated under the relevant conditions !l~ 
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Samples were taken at 0, 5, 10, 15 and 30 minutes and 
diluted 25 times (same dilution for ail. taken samples) in assay 
buffer f 0 . 1M SQrnM Britten buffer pR 7.3? and the activity was 
measured using the fhadebas aasa^ (Pharmacia) under standard 
5 conditions pB 7,3, 37*C . 

The activity measured before inesbation {0 minutes) was 
used as reference (100%) , The decline in percent was calculated 
as a function of the incubation time. The table shows the 
residual activity after 30 samites of incubation. 

10 

% eci f 1c ac t i v i t y deter/ainat ion. 

The specific activity was determined using the Phadebas 
assay (Pharmacia? as activity/mg ensyroe « The activity was 
determined using the a~amyiase assay described in the Materials 
IS and Methods section herein. 



fisfel®. 8 ; Stability method / Low pU stability isspro^^snt 



v ss.svx*$.n v 


aft^r 30min. o£ 
inexsufeation 


®p&<zx£i& activity,. 
$VC t pB 7,3. 
»*r«*mt r&l&tiva to 


Termamyl wt. 


5% 


100% 


HlSSr 


15% 


100% 


A209V 


18% 


100% 




30% 


130% 


H156Y+AX81T+ 
A20SV 


39% 


■ 100% 

■, : • ■< 


H133Y+HI56Y+ 
AI81T-fA,209V4- 

H293Y+&294V+ 
C33:l0D4B4 50l 


58% 


85% 


riAS/Terjaamyi 

hybrid* + 
J HI S6Y-*A18XT i- 
| A209V 


! "' 48% 


| 115% 



substitute sheet 



eassad eaici* 



sensitivity 



Variant 


i ressidusi adtivi ty 

a£t«£ 303sin» ©£ 
I isftoabafcioss 

W^^^-W^V........... ,. ^ 


i Spossitic aettvitv , 
j 37«€, pn 7 ,3, 
] Bere®»t relative to 
Term&myl 


Tentsamyi wt. 


;> 




H1S6Y 


701 




A209V 


751 




| A181T 


57% 


115% | 


| N190F ' "' 


34% 


' 1.40'C | 


j mmt -r uibbp 


57% 


190% "1 


S«bl« 10 3 Stability method ao.3» /Low j»b stability £a^r©v*» 
&m&x®&®&& caloi'UM sensitivity 




residual activity 
a£i«>r 30min> of 
iseufo&tion 


Specific activTty'J " 1 
37*0, pH 1,3 " | 
t?»ite/mg enayma | 


Terssasiyi vt. 


"" "" "" 3% 




BAN/Termamyi 
hybrid* 4 

A209V 


2(5% 




Q264S 

1U4GK + HT42D 


5% 




5% 




V128E 




U5% ' 


| BAN/Termarrsyi 
| hybrid ■■** 
! H156Y4A181T+ 
i A209V 


39% 


170% 


BAN/Ters-iamyl 
hybrid *? 
M156Y4A181T+ 1 
x A209V4Q264S 


29% 


175% 


BAN/Terraamvl 
hybrid ■■*+ 
ii 1 5 6 Y-t A % 8 1 T 4 M 1 9 
Tjji y v -t-g^ t>4 S 


S?% 


2 m 



■BA3 



B< amylQliquefaci ens a ~ amy X a s c ( S£g"l "F~NO i )' 7? s riiiy 1 tB, 
Ii chen i form is ^amylase (SSQ IX) NO 2) PCR hybrid. 
First 33 N~tersd.ua I aminoaclds are BAH and the rest 36-383 are 
Terjfiaiayi (the construction of th« variant is described in 
Example 1} , 

** Measured after 5min, of incubation. Compared to Tenaasjyl wt. 
Which under sasne conditions shows 361 residual activity. 
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T&Me II: StahiXity method &o.t- /liOw pS st&feility i»|>rowm«nt 



ipE 5,0) * d&e»«M»*»d 



V&rliii 


after 30min. o£ 
incubation 


Speeific'aefcivity; 
37*C, pS 7.3 
Unite/ma on&'yisss 


■BAN/Tiliamyi 
hybrid ** 
H156Y+A181T+N19 
OF-;- A209V4Q264S 


9% 


210% 


BAH/Termamyi 
hybrid 

H156Y+A1S17+N19 
OF* A2O0V+Q264S 


28% 


160% 


SM</Termamyi 
hybrid ** 
HXS6Y*Ai.81T-i-NI9 
OF* A209V+Q264S 
f E205C * 

! * &2ios 


33% 


130% 



*■ as indicated in relation to Table 10 

5 

Th« variants in the above Table I i were constructed fey means of 
the localized random mutagenesis described in Example 2. 

EXAMPLE S 

m 

a~ssayl«se stability at low pH assd high t.omp&r&t:»xe 

This example sufearises the stability results of variants 

characterised by a fluorimetric assay at 70*C under two different 

conditions, (1) pH 4,5 and 1 tttt CaCl 2 and (2) pH 6,2 and 10 jiM 
15 CaCij. 

inscription ©£ s&et&fcod 

All fluorescence experiments were performed on a Perk-in-Eimer 
LS-50 luminescence speetroiriacex using a 4-cuvette holder. The 
2Q temperature was controlled fey a circulating water-bath and measured 
directly in the cuvette using a ^ororiix Digital Thermometer (model 
NTD 1001 . During measurements, thorough mixing of reagents in the 
* cuvette was assured using magnetic stirrers operating at high 
stirring rate. The cuvettes were capped with teflon-lids to 
25 minimise evaporation. 
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Intrinsic protein- fluorescence fdus to Trp side-chains) was 
monitored by excitation at 280 nm and emission at 350 nm. Slit- 
widths were 5 niru 

During kinetic measurements, 4 reactions were monitored in 
5 parallel < Data was collected in the Wav^imgth Programme dialogue, 
allowing automatic data-collection o-y«$ a prolonged period (e.g. 
over an hoot; . 

Unfolding was carried out at 7G°C. Unfolding conditions were 
(I.) 50 jnM NaOAc pH 4,5 and 1 m CaCi 2 

!0 12} 50 irM NaOAc pH 6,2 and 10 pM CaCl 2 . 

Protein concentration was 5 ug/mi and glycerol was at 0.5% w/v (iron 
protein stock solution? , 

Mote; There was some variation from day to day in the 
absolute value of the unfolding half times clue no slight temperature 

15 variations {occasioned by e.g. different amounts of water in the 
water bath) . However , Termamyi was always included as one of the 
four enzymes analysed in each experiment;, in effect faking it an 
internal standard. Unfolding rates relative to this internal 
standard were satisfactorily reproducible (performed in triplicate}, 

20 Oata analysis was carried cut using GzaphFad Prism software. 

At pB 4.5, unfolding data could be fitted very satisfactorily to a 
single-exponential decay with drift; 

Fit) ** A*e : Kp{~ln{2i*t/t^}. ■!■ dxlft* t * off sec (lj 

2S 

where F is the measured .fluorescence, A is the amplitude of the 
unfolding, t is time and t* is the half-time of unfolding. 

At pH 6.2, unfolding was more complex (involving an initial 
lag phase), and data could not be fitted to eq. 1. Instead, the 
30 time taken for the fluorescence signal to decay to 50% of the 
initial signal was used as an apparent 

From these half-times,: the change in free energy of unfolding 
relative to that of Termamyi could be calculated as follows; 
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where B is the universal gas constant and T is the temperature (the 
value of R*T is 0,5919, giving a BDG value in kcal/molj , 

By converting data to DOG values, the 

destabilizing/stabilising effects of different mutations can be 
S compared directly and examined for additivity (DDeVs « DOS; + DD<3j) 
and synergy ( DDG3+2 > PDG* * i>D%i where SOG^ is the energy-effect 
of introducing mutations 1 and 2* 

Unfolding of amylases at. low pH and high temperature may be 
ii) followed by the decay in Trp-f iuorescence , ftt pH 4,5 and I trM CaCis, 
all amylases unfold fairly rapidly. 

The unfolding data at pH 4.5 fit better to a double- 
exponential equation than to a sissgle^exponanti&i equation. 
However, since the second phase is very slow, it is approximated by 

0 a linear drift {equation Is . Unfolding at pH 6-1 and 10 pM CaCls at 
?0*C is much less rapid than at pH 4,5 despite the low £Caf*J , 
Unfolding is far from complete within an hour and it is npt possible 
to fit the data to a si»g ie-expcnent la 1 equation. Instead, the time 
taker, for the fluorescence signal to decay to 50% of the initial 

20 signal is used as an apparent &*» 

Results of the fluorescence assay are presented in Table 12. 
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Tmtel® m 

Surma ty of data for unfolding of Termamyi variants pH 4.5 and 

6.2 at 70°C. 

At pH 4,5, « 200 s; at pB 6,2, tj****** 1 * 2800 s. 

DOG * ftv sm ^/t^ uSSft ^ 





PH 4.5, CaCiY 


: on &a* w w 

Cads 


Mutation 


DDG 
(kcai/moi 
) 


i 


DD<? 
;kcal/mol 
} 




wildtype 




1.0 




1.0 


A209V 


"0.36 


} 1785 


1 -0.72 


' 3733 


H133Y+A2G9V 


-0.77 


f ' 3.67 


-0.61 


2.78 


H156Y' 


0766 


6 . so 


•- o7 io 


"" 1.18 


j~ A181T 


-0.06 


1.10 


-0.28 


" 1760 


M81T+A2D9V ~ 

<■ 


-0.4T " 


"• 2:09 
1 — o:s4 


(73%) * 


'■ >""3 


S187D 


1 0737- 




o7l9 ■- 


0.72 


—mm — - — 


-0.49 


2,29 


0.15 


' 0 7? 8 


L270D 


-0,35 


1.8 


"0. 10 


1,2 


A1S1T-H1S6Y 


-0.17 


1.34 


-0". 62 " 


2784 


HI 33 1 


-o;'33 


•1775 ' 


-07?2" 


2.02 ■ 


Hi33Y4Hl56y4Al8ii:4 
A209V+H2 93Y+A294V+ 
G3X0D+K450Y 


"-0T06 


5.10 


" :r: : 


""-75 


V128E — 


'••-0. L0 


1.2 "' 


-o;25 


i.s 




"~ r 0732 - 


" 1.71 


' " -0749 


"" 2730 




-0.42 


2.05 


-0.63 


' 2792 


M1S6Y4A181T+A209V+ 
B450YHS133X 


~0,81 


3 . 9 


< -1 


> 5 " 


Hi5€Ymmmwv.+ 

HI 331 


-0.70 


3.3 ' 


< ~1 
111%}" 




~ Q264S" 


-0.26 176 f 


-0.14 1 




H 1 S '€ Ytf 1 8 If" 4lS0WT^[ 
Delta (1,2) 4 J 


-0. 4 3 j 


2.1 | 
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~~ L3V+M15T+ ! 
£23K+S31A*A32£4¥33H*&3 | 
5S+E36D+H37I 












-0,33 


1,8 


-co? 4 




Q264S+N265*+«190F j 


-2.0? 




••0,67 


371 


Q264S+8265Y+N190F* 
Bj 33I4&&G9¥ 

» * ■=*. v" >V -— ■ * *>■■> V ~r " 


-XTII 


, a ...... 


■ <~1(82%} 3 


> 1 


H156Y+A18mA209V-+ 
Delta (1, 21 ^ 
L3V+M15T+ 
R23K-tS31A+A32S4*33K+ 
^ "» S S ■ + B 3 6 ^ H 3 7 F 4tS 1 9 0 f 


-or 


— i:i ! 


<~1 (66%; * 


> 5 


Hl56Y+A18XT+A209V*Delt 
a (1,2) 

H2 3Kf 3 3 1 A*&3 2£4 Y33H+ 
A3SM36P+H37 I+Q2 §43 


-0.43 




-0,86 


773 


"nisW'm l il't * aWsWdSIF 

iiA v. 1 v a 1 > • . >v v ■*■ f • v y w \» w 

a (1, 2)4 
L3V4HX5T4 
R23K+S3 1 A+A32E4Y 3 3 »+ 
&3SS4E36D4H37I 
Q264S+N130fc- 


-0. 36 


1 . 8 


•■<-iTT6%r" 5? 


> 5 
| — 


H IS 6 *+ ft 1 8 1 T 4ft* 0 9V4 N19Q 
F+Q264S 


-1.3 

: 

i 


8.6 ; < ~i 
(66%) * 


j 


* The percentage indicates the level to which the a 



fluorescence level had declined in the course of 3 hours at 70 *:<?•♦ 
The slow decline is indicative of high stability, 

5 EXAMPLE S 

a~«B»3fl«*« variants with in-«ra$a*wt apwsific activity 

This example sujsmarlses the results of variants 
characterised by having increased specific activity compared to 
IQ lermawyi wr. . The presence of these substitutions either in 

combination with each other or as single substitutions added to 
stabilising substitutions increases the specific activity of the 
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resulting variant, The specific activity was determined using 
the a-atnyiasse i Pha d«sbSS} assay described in the Materials and 
Methods where the activity/tag enzy&e was determined. The 
activity sss determined using the following description where 
the pH was 7.3, temperature 3?*C and testing time I&ssin, and 
buffer as defined. 



| MUTATION 


SPBC.AC7IVXTY" ( PHADE8&S 

ASSAY) , INDEX RELATIVE TO 1 
TERMAMYL WT . 




„_ 


1 ¥541 




I &AN/Termamyi hybrid. 

1 iA U, 2) +L3V-tM15T + R23Ke33iA-i-A3 

| 2E+Y33H+A35S+E36D+H37I } 


1 4 fi % 


&(D'3?#*$3?3+Q374) 


125% 


&£K370*S3 71*037 2): 


125% 


BhU /T e mamy i hybrid"; 
Wl»2 1 -L3¥*HlSM23K+S3i^A3 

} *A|D37:24S3?3fQ374) + 
V54I4S1870 


360% 


1 Q264S 




Y290E 


" i:s5%: :[ 


Y290K 


140% 1 


N1S0F 


130% 1 



EXAMPLE 6 



T*»feiag of specif icity v**£a»i*;» (aaccharif icationf 

It has been reported pmvlomly (US patent 5, 234,823) 
that,, when saccharifying with glueoamylese and puiiulasase , the 
presence of residual a-aan/lase activity arising from the 
liquefaction process, can lead to lower yields of glucose, if 
the a-ajnylase is not inactivated before the saceharif ication 
stage. This reactivation can be typically carried oat by 
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adjusting the pH to below 4,3 at 9$*'0 t before lowering the 



The reason for this negative effect on glucose yield is 
not fully understood, out it is assumed that the liquefying a-~ 

5 amylase (for example fetmamyl 120 L from BAxchani formis 5 
generates - "limit dextrine" (which are poor substrates for 
puiiulanase) , by hydrotysing l f 4~alpha-giucosidic linkages close 
to and on both sides of the branching points in amyiopectin. 
Hydrolysis of these limit dextrins. by glucoamyiass leads to a 

10 build up of the triaaccbarr.de panose, which is only slowly 
hydrolysed by gluco&myiase . 

The development of a thermostable a~amyiass, which does 
not suffer from this disadvantage would be a significant 
improvement $ as no separate inactivatiori step would be required , 

15 A number of B . licMrilformis a-amylase variants, with 

altered specificity, were evaluated by saccharifying « DE 10 
HaltodeKtrin substrate with A<ni#e* giuco^mylase and 
B.&cidopullulyiicvis paiiulaaase i*n;#r conditions where the 
variant amylase was active:, 

20 The saccharifies. t ion reactions were monitored by taking 

samples at 24 hour intervals and analysing them by BPLC, the 
standard reaction conditions were: 

Substrate concentration 28 < 2% w/w 
Temperature 60 "C 



temperature to 



for s a coha r i £ i ca t i on « 



Initial pR Cat 60'°C) 
Enzyme dosage 



4.7 



Q 1 u c o amy 1 a s e 



0.18 *G/cr DS 



Puilulanase 



0.06 PuWg OS 



a™ amylase 



60 NU/g DS 



33 The following enzymes were used: 



QZucomylam-t (Sov© Rordrsfci 153 AG/g 

Puilulanase? Promozyme (Novo Nordisk; 295 PUS/g 



SUBSTITUTE SHEET 



wo mmnrn 



7 3 

Termamyi {Novo NordisX} 135 KWJ/q 

VS4Y 313 KNU/g 

AS2W 5,116 Ml/ml 

05 3£ 3, 280 MU/ml 

mm 509 BfO/aii 

The mutations listed in the ^-amylase list abov« are used to 
indicate variants of the B. lichmiiformis cc-amylase t$£Q ID SO 
2} (Termamyi) which has been modified by the indicated 
mutation ss • 

Substrates for saeeharificaiien were prepared by 
dissolving 230g D£ 10 spray-dried maitodextrin, pz^p&md from 
<z®mmm corn starch, in 4 60 ml boiling de ionized water md 
adjusting the dry substapce to approximately 30% w/w. The pH was 
adjusted to 4 .7 (measured at 60°C) and aliquots of substrate 
■corresponding to TSg dry weight, were transferred to 50ml bine 
cap glass flasks.. 

The flasks were then placed In a shaking water bath 
egurlibrated at 60*C, and. the enzymes added, The pB was 
readjusted to 4.7 where necessary, 2 ml samples were taken 
periodically, the pH adjusted to about 3.0, and then heated in a 
boiling water bath for 15 minutes to inactivate the enzymes , 
After cooling, the samples were treated with approximately 0,io 
mixed bed ion exchange resin (BXO-Rad 501 K8 W)) for 3D minutes 
on a rotary mixer to remove salts and soluble H* After 
filtration, the carbohydrate eoimoosition was determined by HPLC . 
After 72 hours, the following results were obtained: 



Added a~amylase 




% DP 2 


1 DP 3 




Hone (control) 


960 59 


2.2 


0.3 


1 . 0 


75 4 y 




2,2 


0.4 


0,0 




96.4 




0.5 


0.9 


Termamyi 


96. 3 


2 , 1 


0.6 


0 , 8 
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Compared with the control "{no. active et~amylase present during 
liquefaction), the presence of active o-amyiase variants 
and did not lead to elevated: panose levels ( DP 3} . 

If these a-amylase variant's- are used for starch 
§ liquefaction, it will not fee necessary to inactivate the enzyme 
before the commencesteni of saccharirieation . 

EXAMPLE ? 

10 of B . liehenif ormls variants uader sisaulafcsd 




The standard process for industrial starch liquefaction 
comprises two stages, normally referred to as primary and 
15 secondary liquefaction. In the first stage, a 30-40% w/w starch 
slurry at pH 5.5-6.0, to which has been added a themostabie 
aipha-amyiase from B . lic&&Ml&m*s or B. Btearothermophillus,- 
is heated to. 10S~110*C in a jet cooker where live steam is 
injected into the starch stream. After a holding time of S~10 
20 minutes under pressure at this temperature, the liquefied starch 
is flash cooled to about 95 C C and held at that temperature far 
60-120 minutes- 

In order to evaluate small quantities of enzyme on a 
laboratory scale the following teat method was used; 
•25 iOg aliquots of a suspension of common corn starch 

(Cerestsr Gb 34065 in daionized water lapprox, 30% w/w) are 
weighed out into 100 ml conical flasks {Schctt 6b IS 0) which are 
fitted with tight fitting screw caps. The pH, calcium level and 
enzyme dosage in the suspension can be varied. 
30 4 flasks are used for each different set of experimental 

conditions- The flasks are placed in a shaking oil-bath {.He to VS 
01) maintained at 1 0-5 After a period of ? minutes, cold oil 
is poured into the bath to lower the temperature to 95 *CU For 
each experimental series, flasks are removed after 20, 40, 60 
35 and 90 minutes and immediately cooled under running water. One 
drop of IN HCL is added to each flask to inactivate the 
ensyme-The reaction is imonitored toy measuring the DS {reducing 
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sugar content expressed as glucoses using the Meocuproine 
rftethod. 

The details of this method can be found in "PeterKtinatio 
of reducing sugar with improved precision . Dygerc, Li, Florida 
and Thames, Anal Bioche-s f 13, 368 (3965), 

The -following DEs were recorded after 90 rainutes 
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pH 6.0 

5 ppm calcium added 
IG.Srag enzyme protein 
,/g starch 



"O 

no, 


Ter 
saam 
yi 


Hvbr 
la + 

HIS 6 

V j. 

J "1 

AI8I 

T-i. 

9 

v+ 

Hi 90 
F+Q2 
64 S 


Hybr 
Hi 5 6 

J t 

A18I 

pa 09 

F 


Hi 56 
5T+ 

M81 

1 T 

02 64 
S 


a.a* 
HIS 6 

Vi. 

it 

SI 81 
<f>+ 

V* 
Q264 


Hyfo 

+ 

f i i. v.-' 

1T+ 

&2Q 


026 
4S 


0264 
S*N2 
65 Y 


0264 3 
65Y+ 

r 


misWI 

t | 

A181T 

1 

a A not; 

i 


045 ' 
-96 




-ww 


T679 


13.2 














038 
-96 


6 < 5 


13 . 9 








*" — : — * 










035 




| 




12 . 9 


9.9 










-96 












6.7 


"172 


is a 




["031™" 
-96 


4 < 5 










7.0 


B ........ 






029 

| -96 


4.0 


| 1 

I 






8.7 




1 




7,7 

I 


f 039 

; -96 




14.9 | 16,3 

1 * 

1 1 




14.4 






1 







* Hybrid « SUM/T^rssatmyX PCE feyto^id as described, in Ex«ss^i# 3 

5 
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pH 5 .5 

5 ppm calcium added 
10, Sing enzyme protein 
/g starch 






Hybrid* 


"Hybrids ~ 


i HlSSYt 


no. 


H156Y+ 


H156Y-J 


! M81T+ 




MBIT* 








A2 5?)V- 








H190F4Q264S 


HI 9 Of 




Toi-97 


14,8 " 


15,2 


12 . 6 
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In ths following BEQ ID Mos» 1, 3^ 5 the 5% coding sequence and 
3* sequence of the relevant a-amyXase genes are illustrated, The 

5 5 ! sequence is the first separate part of the sequence written 
with lower case letters, the coding sequence is the intermediate 
part of the sequence, where the signal sequence is written with 
lower case letters and the sequence encoding the mature a-amylase 
is written with upper case letters, and the 3' sequence is the 

10 third separate part of the sequence written with lower esse 
letters . 
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SEQ ID N©> i 

eg gaaga ttggaag tacaaaaa.%.aagea&aaga:t^t0aa t cat gt ca t ga geca t gegg - 
gagaeggaaaaategtctta atgcacgatafcttatgcaacgttcgcagatgctgctgaa" 
5 gagattattaaaaagctgaaagcaaaaggctatcaattggt aactgtatctcagcttga- 
agaagte2aagaagcagagaggctattgaata-«:atgag.t%aag.!cgccatatcggcgcttttc 
ttttggaagaaaataLagggaaaatggtaettgttaaaaattcggaatatttatacaacatC" 
atatgtttcacatcgaaa ggggaggagaatc 

SO atgaaacaacaaaaacggctttacgcccgattfctgacgctgttatttgcgctcatcttctt" 
getge ctcattctgc a gc a geggcgGeAAATCTT AATGG G ACGCT6ATGC AOTTT? T~ 

GAATGGTACATGCCCAATGAGGGCCAA CATTGGAGGCGTTTGCAAAACGACTCGGCATAT- 

TTGGCTGAACAGGGTATTACTGCCGTCTSG»CCCCCGGCArAtAA GGGAACG AG C - 

GA&SCGGATG^ 

15 GGACGGTTC GGACAAAGTACGGCACAAAAGGA^AGCTCCMTCTGCGATCAAAAGTCTTC- 
ATTGGCGCGACATTAACGTTTACGGGGAT GT^^C^TC^^|C^CiyWVG^GGCGCTG^-~ 
TGCGACCGA&G&TSTAAC^G CGTAATTT- 
CAGGAGAACACCf AATTA 

CAGCGATTTTft A&T^GCAS'TSGTAGGATTTT^^ 
20 GCTGAACGGCAfGTATAAG'Ef'fCAAGGAAAG GCTTGGGATTGGGAAGTTTGCAATGAA- 

TGTGGGA6-' 

GAGAAATTA&GiAGxA^G^^ 

GATGCTGfCA AACACATTMATTTTCTTTTTT6CGGGATTGGGTTAATCA?G?CAGGGA~ 
AAAA^CGGGGAAGGAAAfGfT'PACGGTASCT GAATATTGGCAGAAT- 

GCTTCATTATCAGTTCCATGCTGCATCGAGAGAGGGAGGCGGCTATGATATGAG- 
GAAA?IGCTGAACGG?ACGG?CGT7T CCAAGGAFCCGTTGAAATCGGTTACATTTGTCG- 
ATAACGATGATACACASCCGGGGCAATCGCTTGAGTCGaGTGTCCAA ACATGGTTT&AG - 

CCGCTTGCTTAGGCTTTTATTCTCACAAGGGAATGTGGATAGCCTCAGGTTTTCTACGGG" 

30 GATATGTA CGGGACGAAAGSAGACTCCCAGCGCGAAATTGCTGCCTTGAAACACAAAAT- 
TGAAGCGATCTTAAAAGGGAGAAAACAG? ATGCGTACGGAGCACAGCATGATTATT7CGAC- 
CACCATGACATTGTCGGCTSGAGAAGGGAAGGGGaCAGCTCGGTTGCA AA7TCAGGTTTGG- 
CGGGATTAATAACAGACGGACCGGGTGSGGCAAAGCGAATGTATGTCGGCGGGCA- 
AAAGGCCG GTG A GACATGGCATGACATTACCGGAAACCGTTCGGAGGCGGTTGTCATCA- 

35 ATfCGGAAGGCTGGGGAgAGTTTCACGTAAACG GCGGGTCGGTTTGAATTTATGTTGAAA- 
GATAG 



aagagcagaga g g a egga 1 1 1 cc t g a agga aa t ccg t t. t t. ft 1 1 a 1 1 1 1 
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'SEQ ID No. 2 

DPADRNRV I SGEHLS KAWTHFHFPGRGSTYESFMMYBF 

I DYDHPD7AAS I YAMELQl.DGFRLmVKEIKFS F 

1, R m W H VR£ KTGKEM FT V AB YV?QH DLGSlM YLNKT N Eli 
10 HSVFDVPLHYQFHAASTQGGGYDHRKLLSGTWSKHPLfe 

VT FVDN H DTQPGOSLEST V§W FKKAYAFI tTRESG YFQ 

VFYGDMYGTKG0SGRE1 PA LKBK.I EPILEAHKQYA^G&QH 

D YFDHH 01 V G$? REG DS S VAN S GLAAL I T DG PGGAKRM YV 

GRQHAGETWHDITGSRSEPVVXNSEGWGEFHVNGGSV3;X^. 
15 VQR 

S&Q X D No * 3 

cateagacagggtattttttatgctg;t:Cc;aga«tgtccgdt gtgtaaaastaagigaatipi'-- 

aaggggggttgttatjt:a;t^tt'»dtgatatgtaaaatataatttgtataagaaaatgaga:9igg 

agaggaaac 
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a t ga 1 1 ca a aaacgaaagcggacasgt it^ttGagacst tgtgctta fcg tgeacgc tgt t - 
a ttfeg tcagtt t gccga fctaeaaaaaca tcagecGtAAATG^CACGCTGATGCAGTAT? - 

TTGAArGGTATACGCGGAACGACGSCCAGCATT GGM«GATTGCAGAATGATGCGGM- 
CATTTATGGGATATCGGAATCAGTGCGGTCTGGM'TCGTCCCGGM^C^AGGA TTGAG- 
CG&ASCCGAf A&OGG&tAGSGft^ 

AGGGAGGGTCAGAAC GAAM ? ACSGGAGRMA , FGAGASGTTCAaGM , GCGATCGGGTCAC- 
TGCATTCGGGGAAGGTCCAAGTATACGGAGATGTGG TTTTGAATGATAAGGGTGGf GGT~ 

GATGGAAGAGAAGATGTAACTGCCGTCGAAGTCAATCCGGCCAATAGAAATGAGGAA ACTTCG- 
GAGGAATATGAAATCAAAGCGTGQACGGATTfTCGTTTTCCGGGCCGTGGAMCACGTACAG- 
TGATTTTAAATG GCAf TGGmf CAf fTCGACGGAGCGGACTGGGATGAATCCC- 

GGAAGATCAGCCGGATGTTTAAGTTTGGTGGGGAAGGAA AAGCGTGGGATTGGGAAGTAT- 
CAAGTGAAAAGGGGAACTATGAGTATTTAATGTATGC?GATG??GAC?ACGAGCACCCT 

gatgtggtggcagagaca;g\aaaatggggtatgtggtatgcgaatgaactgtcattagacgg- 

CTTCCGTATTGAT6CCGC GAAAGA^ATTAAATTTTGATTTCTGCGTGATTGGGrTCAGG- 

GGGTGAGACAGGGGACGGGAAAAGAAATGTTOCGGTTG CGGAGT AT T G G CkG" 

aATAATGGCGGGAAACTCGAAAAefACTTGA^ 

GATGT? CCGGTTGATTTCAA^TTACAGGCGSCTfCTO 

GAGGCGTTTGCTGGACGGfACGG/fTGT GTGCAGGC^CCGGAAAAGGCGGTTAGATTT GT~ 
fGAAGiA'rCATGAGACACAGCCGGGACAGTCATTGGAATCGAGAGTCC AAACTTGGTTTAA- 
AGCGCTTGCATACGGCTTTATT^TGAeMGAGAAyGCGGTTATCCTCAGG'rGTTCTATGGG" 
GAT AT G TAGGGGAGAAMGGGACATGGGCAAAGGAAATTCCGTCACTGAAAGATAATATA- 
GAGGCGATTTTAAAAGCGCGTAAG6A GTACGCATACGGGCCCCAGCACGATTATATTGAC- 
GACCCGGAfGfGATCGGATGGACGAGGGAA^GTvGACAG CGAA- 
ATCAGGTTTGGCCGCTTTAArGACGGAGGGACGGGGCGGATCAAAGCGGATGTATGCGGG- 
CGTGAAAAATGGGGGG GAGACATGGTATGACATAACGGGCAAGGGTTGAGATACTGTAA- 
AAATCGGATGTGAGGGGTGGGGAGAGTTTCATGTAAA GGATGGG'TCCGTGTGCATTTAT- 
GTTCAGAAATAA 

ggtaataaaaaaacacctccaagctgagtgcgggtatcagcttgga ggtgcgtttattt" 

tttcagecgtatgaeaaggtcggcat^ 

ggtgacs aatccgggttttgcgecgt^^ 

caacaggcaeggageeggaatcttfccgo cttggaaaaataagcggcgatcgtagctgct-- 
tccaatatggattgttcatcgggatcgctgottttaateacaacgtggg a tec 
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SEQ ID No, 4 

P F A Y K G L S Q S DH G Y G ? Y D L Y DLGS F<^K:Qf W;T1 YGTKS E 
5 LQDAlGSLHSRnVQVYGDVVLNHKAGADAtlDVTAVEVNF 
AHRMQE T SEE Y QX KA.WT DFRFRGRGFT YSOFKiHPYHFDS 
ADWDE3EK J SRI FKfRGEGKA>?DWE\ f SSE^GMYt>Y LHYAt) 
VDYDHPDvVAETKKWGI^yANSESLOGFRIOAMCHIKFSF 
LRDWVQAVRQATGKSMFTVAEY^QHNAGKLE^LMTOfR 
10 QS V FDVP1K FN LQAAS SQGGGYIMBRLLDGTVy 3 RB PEKA 
YT FV EN H DTQPGQS LE STVQTW FK FLAYAFILTRESGYPQ 
VFYG DM YGTKGTSPKEI PSLKO^I gPIEK&RHEY&YGFQR 
DYI OH PDVIG^TREGDSSAAKSGLAAX.XTDGPGGSKRMYA 
G LKN&GE T W Y D I T G N R S DT V K I G S D6$G£ f H VH DG SYS I ¥ 

15 
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SEy ID Mo. 5 
3aattcga£atfcgaaaa<^ 

tt gc tccct r. tt tact c tt t ttatgcaatcgtttcocttaatt 
gLcgaatgtascatttgattsaaggggaagggeatfe 

Stgct aacgtttcaccgcatcattcgaaaaggatggatgttcctgctcgcgtt- 
tttgctcactgtctcgctgttctgcccaacag gacagcccgccaaggctGCCGCaCCGT- 
TTAACGGCACCATGATGCAGtATTfTGAATGGTACTTGCCGGATGMGGCACG TTATGG- 
ACCAAAGTGGGGAATGAAGCCAAGAACTTATCCAGGCTTGGGATGAGCGCTCTTTGGCTG- 
CGGGCCGCTTACAA AGGAAGAAGGCGCAGCGACGTAGGGTACGGAGTATAGGACTTGXA- 
TGACCTCGGCGAATTCAATCAAAAAGGGACGGTCC GCACAAAATACGGAACAAAAGCTC- 
AATATCTTGAAGGCATTGAAGCCGCGeACGCCGC?GGAATGCAAGTGTACGCCGAT G7 C ~ 
GTGTTCGACGATAAAGGGGGGGGTGACGGCAC^ 

;TGCGACCGCAAGCA AGAAATGTCGGGSAGCf AyCMTCCAAGCATGGACGAAATTTGA- 

TTTTCCCGGGGGGGGCAAGACCTACTCCAGCTTTA &G$GGCGCTGGTAGCAi' ! ?TTG~ 
AOGGCSli^G&TTGGGj^^ 

GGCAAAGCGTGGGATTGG^GTRGACACGGAAAACGGAAACTATGACTACTTAATGTAT- 
GCCGASCTTGAT&TGGATCA TCCCGMG1?GGf GAGCGAGCTGAAAAACf GGGGGAAATG- 

GTATGTCAACACAACGAACATOATGGGTTCCGGCTTGATG GCGXCMSCATATf MGf - 

TGAGTTTTTTTCCTGATTGGf f GTGGTA^GTGQGTfCTC 
GTCGGGGAAT>Ar?GGAGC^^ 

GGAACGATGTCTTTGTTTGA TGCCCCGTTACACAAGAAATTTTATACCGCTTGCAAATCAGG- 
GGGCGCATTTGATA7GGGCACGTTAATGACCAATACTG tcatgaaagatcaac- 
CGACATTGGCCGTCACGTTCGTl'GATAATGATGACACCGAACCGGGCCAAGCGCTGCAGTCATGG 
GTCGACCCATGGTTCAAACCGTTGGCTTACGCGTTTATTCTAAGTCGG- 

CAGGAAGGATACCCGTGCGTCTTTTATGGTGA CTATTATGGCATTCCACAATATAACAT- 
TCCTTCGCTGAAAAGCAAAATCGATCCGCTCCTCATCGCGCGCAGGGATTA-TG GT'TACG™ 
GAACGCAACATG.AT1^TCTTGATCACTCGGACATCATGGGGTGGAG^AGGGAAGGGGGCA- 
CTGAAAAACC&GGA ?CCGGACTGGCCGCAC?GATGAGGGATGGGCGGGGAGGAAGCAAA~ 
TGGATGTACGTTGGCAAACAACACGGTGGAAAAG^ GTTCl'ATGACGTTACGGGGAACGGGAG- 
TGACAGCGTCACCATCAACAGTGATGGATGGSGGGMTTGAAAGTCAATGGGG GTT~ 
CGGTTTGGGTTTGGGTTCGTAGAAAMeGAGeGTOCTAGGATGGGfCGGGCGATCACAA- 
CCCGACCGTGGAGTGGT GAATTCGTGCGTTGGACCGAAeGAGGGTTGGTGGCATGGCCTTGA 

tgcctgcga 



SUBSTITUTE. SHEET 



wo r?/4oe 



86 

SEQ ID No - 6 

LWLPPAyKGTSRSDVGyGVYDLYDLGlfMQKGTVRTK¥0T 
5 KAQYLQAX QMBAAGHQVYADVVTDHKGSADGTEWVDAVE 
WPSDRNQE I SGTYQIQM*TKFDFRGB/Gt^?¥SSFKWRWYH 
FDGVDW OS S RKLS R 1 YKFRG I GKA^DSfEViyrE^G^YDYLM 
YRDLDHOHPEVVTELKNWGKWYV^TTHlDGF^LDaVKMIK 
FSFFPDWLSYVRSQTGKPLFWGEYWSY&l^XiHKYifRT 
10 DGTMSLFOft PLKNKFYTAS KSGGAFDMRTLMTNTX^KDQP 
TLAVTFVDMHDTEPGQALQSWVD?WFKFLAY*FILTRQ£G 
YPCVFYGDYYGXRQYHXFSLKSK1DPIXIARRDYAYGTO* 

mmm dx i gssee re g g t s k ?g sglaal i t dgfggs kwh y v 

GKQHAGKV FYD LTGN RS DTVT 3 M S DSVsSSE FfC^NGGSVS VH 
35 VPRKTTySTI&RPITTRPWTGE rVRWTSf^Vitt? 

SEQ |P No, 10 

i mmBmsQs ixmamm rtbssttatg: 

2(1 31 ^TADQKYCGG T^XIDKXa YIQGMGFEAi 
€1 WETPVSAGkP $T7AYGDAYB GYWQQDXYSL 
91 MEHYGTADDL KALSSALHER GMYLMVDVVA 
121 NBMGYDGAGS SVDYSVFKPF SSaOYfHPFC 
151 F3QNYEDQTQ VESGWLGBMf VSEPDkDTTK 

25 181 OVVKHBtfYDW VdSLVSHYSI DGLRIDTVKH 
211 VQKDFSfPGYR K&AGVYCXGB VLDGDPAYTG 
241 PYQSVMDGVl. NYF.I YYPLLN AFKSTSGSMD 
2?I DLXmWTVK SDCPDSTLLG TFVSSBD^FR 
301 FAS YTN DIAL AKHVAftrXTL &DGIPXIYAG 

30 331 OEQHYASGNO RANREATWLS GYFTDSEiYK 
361 LIASANAXRN YAXSK07GFV T YKNWBf YKD 
391 DITIAMRKG? DGSQIWXLS MSCGASGDBYT 
421 LSLSGAGYTA GQQLTEVIGG TTVTVGSDGN 
451 WVFHASSXP RVLYPfE^LA GSKIGSSS 
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CLAIMS 

1, A variant of a parent I'ermamv'I-iike a-a&yXase, which variant 
has a~amylase activity and exhibits an alteration in at least one 
of the following properties relative to said parent a-amyiaset 
substrate specificity, substrate binding, substrate cleavage 
pattern, thermal stability, ph/activity profile, pH/stabiilty 
profile, stability towards oxidation, Ca 2 * dependency and specific 
activity; said variant comprising one or more mutations 
corresponding to one or more of the following mutations in the 
ammo acid sequence shown in SEQ ID No, 2; 

the mu rations: A181E, D,Q,N, v? 1201 (bulkier amino acid), including 
I2Q1W,F,L; Y2G3Q; Q»K,L.E; F2XR>K,£; EX2Q; DlQGN,2,j 
V1G1H,R,K,D,E,F; V102A,T; I103H,K; P1Q4R, K, X); H10SR, K, D, B, f, F; 
L196R,K,B,£,F,Y? I2X2R,K,D,£; L230H,K,I; A.2 3 2 G f B f F , S , V ; V233D; 
K234L,E; 22 36R, K, N, H, 0, E; L241R,K, D,E, F; A260S; W263H; 
Q264R, 0, K, E; N265K,R,D; &2.69E, K, D, £? L2?0R,K, H, D,E; V283H,D; 
£284% D285N,L; V2S 6R, K, H, D, E; Y29GR,E,K? V312R,, K, 0,;E; F323H; 
D325N; N32«K,B,0,L; H327Q, £, D, F; Q330L,E ? G332D; Q333R, N, H , E, L; 
S334A,V,T,L, X, D; L 3 3 S G , A , S , T , N ,"• £336R*R375E,- T337D r K; T338D,E? 
T33SD; Q35GK, R f E; D365N? or 63?1D,R; 

substitutions at positions ESS , H91, H247, R30S, K306, H382, 
K389, H405, H406, H450 or R483; 

the mutations; BI40Y; H142Y; KIS9Y; BX40D-HU42R; H140K+BX42D? or 
KI42YHIL56Y; 

deletion of three amino acids within the partial sequence from 
T369 to 1377 f including the deletions! .K370*+G371 »+ D372* or 
D372'*+S3?3-**Q374*; 

replacement of the partial arsino acid sequence from T369 to 1377 
with one of the following sequences {sequence number increasing 
from left to right; ; X-P->M~S~Y; 1-p-T-H-G-V; i~p~%~t~n~I; 
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substitutions at positions; R16S or RI73 f including R1691,L> F,T or 
R 1 7 3 1 t LfF(Tf 

S the mutations H156D; X2G1F; I222F; S203L/T; or V208I; 

substitutions st positions N172, A181, ^188, NI90, H205, D207 f 
A209 f A2I0, £211, 0264 or N2sS, including N172R,M»K; M81T; 
SI88F; N190L,F? H205C; D207Y; A209L,T,V; A210S; E2UQ; 
10 Q2 6 4 A , E , L ,« K , S , T ; N26SA, S f T, Y/ or Q2645+N265Y; 

the mutations; 
H156y+M81T+A203V; 

15 HIS 6Y+A1 81T+N190F4&20 9 V+Q264 S ; 

M*482*+L3V*Hl3T^ 
2Q9V; 

20 A1*+N2*+L3V+MX5T+R23K+S29MA30E4Y31H4-A33S+E34D*H35I+H156Y+A181T+N 
I90F+A209V; or 

m**m * +L3V+M1 5T4R23K+S29A+A3QE-fY3lH*S33 S4-E3 4 D*H3 51* HI 5 6 Y+Al 81?*& 
193F+A209V4Q264S. 

.25 

2. A variant according to claim 1, exhibiting increased stability 
at low pM and low Ca*'* concentration relative to the parent 
Texssasiyl-Iike <x -amylase, and comprising mutations selected from 
the following; 

30 

H156Y-;-Al81T-tA209V; 

I-il 56Y4M8 lT+Hi90F+A2Q9¥*Q2€4S; 

209V; 
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M * +N2*+L3V+H1 5T+R2 3K*S23 &+jyOE+?Mft+&33$+E34D+ H3SI +H156Y+A181T+N 
19DFes209V; 

Al*-vH2^L3V4M15T^R23KTS29A-fA30£4y31H4A33S4E34D-B35l^H156Y4Ai8lT-i-N 
190F+A209V4Q264S, 

3. A variant according to claim 1 or 2, wherein the parent 
Termaruyi-iifce a-amylase is selected txom 

the B, 2itfdto££omi« a-amylase having the sequence shown in SEQ 
ID No. 2, 

the a, amyloliquefaciens et-amylase having the sequence shown in 
SEQ ID No. 4, 

the B, stex rozkermophil us a-araylase having the sequence shown in 
SEQ ID No. 6, 

the Bacillus strain NCIB 12512 a-amylase having the sequence 
Shown in Fig. 1 and 2, 

the Bacillus strain NGIB 12513 a~smyiase having the sequence 
shown in Tig, 2, and 

the Bacillus sp. #70? a- amylase having the sequence shown in Fig,: 
2. 

4. A DNA construct comprising a DNh sequence encoding an n- 
amylase variant according to any one of claims 1-3. 

S» A recombinant expression vector which carries a DMA construct 
according to clai« 4. 

6, A ceil which is transformed with a DRA construct according to 
claim 4 or a vector according to claim 5< 

/> A ceii according to Claim 6> which is a microorganism. 

8. A cell according to Claim >S, which is a bacterium or a fungus, 

9, The ceil according to Claim g, which is a gramposxtive 
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Bacterium such as Sa&lllus subtilis, Bacillus licheniioxmis, 
Bad Hub lexiius, 8&elllus„ brBvis f Bacillus ste&rotharzsophilus, 
Bacillus alkalophiluSf Bacxlltss a®yialique£&c±&ns { Bacillus 
coagulaast Bacillus cireulzms, Bacillus lautus or Bacillus tku- 
5 ring lens is > 

10. Use of an ct-amylase variant according to any one oi claims i~ 
3 for washing and/or dishwashing, 

10 11. Use of an a-amyiase variant according to any one of claims 1- 
3 for next lie desisxng. 

12, Use of an a~amyiase variant according to any of claims 1-3 
for starch liquefaction. 

IS 

13.. A detergent additive comprising an a-amylase -variant accor- 
ding to any: one of claims 1-3, optionally in the feral of a non- 
dusting granulate, stabilised liquid or protected ensyme , 

2fi 14, &■ detergent additive according to claim 13 which contains 
0,02-200 mg of enzyme protein^g of the additive, 

15, A detergent additive according to claim 13 or 14, which 
additionally comprises another enzyme such as a protease , a 

25 lipase, a peroxidase, another anxiolytic enzyme and/or a 
ceilulase » 

16, A detergent composition con&rising an a- amylase variant ac- 
cording to any of claims 1-3. 

30 

17, A detergent composition according to clam 16 which addi- 
tionally comprises another enzyme such as a protease, a lipase, a 
peroxidase, another aroylolytic enayma and/or a ceilulase, 

35 18, h manesi or automatic dishwashing detergent composition 
comprising an a-amyiase variant according to any one of claims 1- 
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3, 

19. A dishwashing detergent composition according to Claim 18 
which additionally comprises another enzyme such as a protease, a 

5 lipase, a peroxidase, another amyiolytic enzyme and/or a 
eeiluiase » 

20. & manual or automatic laundry washing composition comprising 
an a~areyla.se variant according to any one of claims 1-3. 

W 

21. A laundry washing composition according to claim 20, which 
additionally comprises another enzyme such as a protease, a 
lipase, a peroxidase, an amyiolytic enzyme and/or a cellulose. 

.15 22. A composition comprising; 

Ci) a mixture of the a- amylase from 8, IxcfmnMoxwiz having the 
sequence shown in SEQ id Mo. 2 with one or more variants 
according to the invention derived from Us the parent termamyi" 
20: like a-amylase) the a, smmathemopMlus a»amyiase haying the 
sequence shown in SEQ ID Ho- 6; or 

fix) a mixture of the o-amylase from B< steazmh®miophilts$ having 
the sequence shown in SEQ ID ho. 6 with one or more variants 
25 according to the invention derived from one or more other parent 
Termamyi-Xike a-amyiases; or 

fiiig a fixture of one or mors variants according to the 
invention derived from {as the parent Termamyl-iike a-amyiase) 
30 the B< aiearotherffiopMlss ot-amyiase having the sequence shown in 
SEQ ID So, 6 with one or more variants according to the invention 
derived from one or more other parent Termamyl -like cc-amyiases . 

23, A method for generating a variant of a parent fermamyl -litce 
35 a«amyiase, which variant chicles increased stability at low pH 
and at low ca iciiim concentration relative to the parent, the 
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method cosnps i sing t 

(a) subjecting a DU& saqnmic® encoding the parent Termamyl -like 
a~amylase to random mutagenesis, 

(hi expressing the mutated sequence obtained in. step (a) in 

a host ceil, and 

(c) screening for host cells expressing a mutated a -amylase 
yj'hlcb has increased stability at low pH and low calcium 
Concentration relative to the parent oi-amylase. 
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CC-C AAC CAT TGS MC AGS TTC ACS CAT SAC SCA SCT AAC TTA AAO ACT **A GGS 5 -p 
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t ft W 8 : fc 0 A, A V T S i X 8 Ji C i Q V X 
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